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Executive Summary

TheRhodelslandStrategicElectrificationQudy assessethe cold-climateheat pump market,optimum
pathwaysfor heat pump adoption,and opportunitiesto facilitate marketgrowth. Combininga detailed
marketassessmentvith modelinganalysis,the studyfindsthat there are significantopportunitiesfor
heat pumpimplementationin the Rhodelslandmarket.

Inline with previousresearchthe studyfindsthere to be generallylow awarenes®f heatpump
technologyamongboth residentialand commercialcustomers Roughly60%of respondentdndicated

they hadlittle or no prior knowledgeof central heat pumpsand 6% notd they had little to no prior
knowledge of ductless heat pungystemsThis suggests that the Rhode Island heat pump market is still
in a very early stage of growtAsverified by installersand distributors,thislackof customerawareness
presentsa sigrificant barrierto heatpumpadoption In manycasesijnstallersand currentheat pump
ownerspointed out that HYAGnstallersare the primary sourceof heat pumpknowledgefor customers
andaretherefore a naturalconduitfor efforts to increaseustomerawarenessandeducation.

Asfoundin prior research(Cadnus 2018, EMI Consulting 2014, Meister Consultants Group,) 20&7
highcostof heat pumpinstallationalsopresentsa major barrierto adoption with the averagecustomer
notingtheywered y geiiyf A | t8 ihstakia heatpumpwithout incentives Providingsufficient
incentivesistherefore neededto encouragecustomerso considerthe technology.Thewillingnesso
paystudyrevealedthat incentivesof at least$3,600per systemare neededto drive the average
consumerto be likelyto installa heat pump, with many scenarios requiring significantly higher
incentives However, it also found thdhcentive levels explaianly a small portion of the varialiy in
willingness to payThis suggests th&ctorssuch as building needs, customer knowledge, overall
systemcost orother variables may play a significant role in customer willingness to pay.

Heat pump costshavebeenincreasingoverthe lastseveralyearsat anaverageof 0.6 ¢ 1.7%per yeatr.
Thestudyfindsthat this is partially attributable to increasingefficiency,newtechnologiesandthe
increasedadoptionof multi-zoneductlesssystemsDespitethe priceincreasejnstallersreport a notable
upswingin ASHRsalesin recentyears.Reaffirmingpastresearcha survey of heat pump owners found
that roughly35%of these installationsire primarily motivatedby residentialO dza (i 2 déSrétdatd
coolingto their home,with heatingasa secondanbenefit. In practice,the majority of residentialheat
pumpownersuseheat pumpsasthe primaryform of cooling(88%)and secondarysourceof heat (51%)
wS3IFNRtSada 2F GKSANI NBIF a2y T2 Nwihyhaiisysternsraiwdn y =
high, with roughly 89% of respondents reporting that they weér® S NB  anithitHeiaheadt RURE

Scenarianodelingfound that, acrossbuildingtypologies heat pumpsare costeffectivefor both
customersand progran administratorswhendisplacingoil, propaneandelectricresistanceneating
even when new cooling loads are added to a buildikdgditionally,without significant incentivegust9
of the 19scenarios analyzed afeund to becost effective from the customer standpoir®f these 9
scenarios, $nodel the displacement of electric baseboard heaters anddtteer 4 model the
displacement of oil or propanén linewith past studiesthe model does not find any scenarios where
displacing natural gas is cadfective for the customewithout significant incentives
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Lifetime customer cost saving$ a heat pump installaticst depends heavilyon the baseline heating

fuel being displacednd the cooling equipment being displaced. Those scenarios displacing electric
baseboard heating realize the highest lifetime cost saviidghout incentivesresidentialcustomers

are shownto realizea lifetime costsavingof $38,400to $43,600 forpartially displacingelectricheating

and coolingn singlefamily homes.With incentivessquivalentto those offered by MasSave which

reflect similarvalues to those offered by National Grid in 20ttf2se same customers can realeer
$46,700 in lifetime cost savingBhe Mass Save incentives are benchmarked at $1,250 per ton for heat
pumps displacing oil, propane or electric baseboard heat, and f26@n for all other scenarioThese
savings come from both more efficient heating and cooling, as well as differenossaittation costs

over the lifetime of the heat pump

Using the Rhode Island Téstassess prograrost effectivenesthe mostcosteffective scenariodor
program administratorgsre thoseinstallingcold climate DMSHP$0 partially replaceoil or propane
systemswith costbenefitratiosof up to 8.18for incentivizingheat pumpsin singlefamily propane
homes Notably, the modeling in thisuggests thatn smaller structureshe lower potential for energy
savings due to loer counterfactual energy consumption meanstiprogram cost effectiveness figures
tend to belower for smaller spaces (such as individual multifamily units) relativenglefamily homes.

Achievabldnstallationmodelingsuggess that, without incentivesit is feasible for up t@,943new heat
pumpsto be installed in Rhode Islatgtween2020and 2024.Thisis associated witla reductionin
overallelectricityconsumptionof 15,681MWh asthe costeffectivenesf heatpumpinstallationdrives
the displacemenprimarily of electricheating.Thiswould alsoprevent13,054 tons of CQe emissions

Adding incentives is shown to drive a significant increase in heat pump adaoptigplying thesame
incentivescurrently offered by MassSavean additionall,553new heatpumpscouldbe installed
totaling 4,497installationsin Rhodelslandbetween2020and 2024.Thisscenariowould result ina
reductionin overallenergyconsumptionof over 14,105MWh and preventthe emissionf 18,89 tons
of CQe. Lowerincentivesdrive heat pumpinstallationsin only the most costeffectivescenarios.
Therefore, at lower incentive levels, a large percentage of the installs will replace ebedeicoard
heat andexisting, lower efficiencygooling systemsThis results in a relatively high netitestion of total
electricity consumption. With higher incentivaapre homes with oil or propane heating are likely to
install heat pumps to offset fossil fuel consumptidimis fiel switching addso total electricity
consumption pffsetting some of theaductions in energy consumption resulting from replacing
baseboard heatingout also drivegireateraveragereductiorsin carbon emissionger installation The
modelalsofindsthat, while increagd incentivesdo drive increasecheat pump adoption,increasing
incentives to40%above Mass Save levels resultsanghlyan 10%increasen heat pumpadoption. This
reflects the diminishing marginal returns on incentives

! Lifetime costdefined as the difference betwednstallation costs and energy savings over the presumed useful
lifetime (1#18 years) othe heat pump
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Asanimportant note, while the studysoughtto captureinsightsfrom commercialmarketsegmentsas
well as supply chain actors (including instalkens distributors)the COVIBL9 crisisand subsequent
interruption to businessacrosshe countrygreatly limitedcommercialdatacollection.Theinsights
includedin this report reflect anecdotalreports from selectbusinessesnstallersand distributorswho
were ableto be reachedduringthe study. Furtherresearchinto the willingnesgo pay,ownershiptrends
andbehaviorof businesss,andpotential installerscould highlightvaluableinsightsfor the market.
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Introduction & Overview

This study sought to provide a better understanding of the current status of the heating and cooling

market in Rhode Island and the potential fmid-climateheat pump adoption thoughout the stateTo

this end, the study includethree key elements: a broad market evaluation, a scenario mod&ingpst
effectivenessandanadoption modeling assessmerithe market assessmesbught to understand the

current status and maturity a¢he heat pump market in the state, probing fisidential and

commercialOdza 12 YSNEQ gAftfAy3IySaa (G2 LI & F2NJ KSI G LidzyLl
technologyandbarriersto adoption, & ¢St f & KSF G LidzYLl 26y SNBQ SELISN
Ffaz2 Aylidzi NSR Ay lviewsgflthelheat gzinp Markiit] irvestigatiqyinz téaje Q

challenges, angerceptions oHVAC installerslistributors and solar installer$he scenario modeling

section aimed to identify and assess thestomer andorogramcost effectiveness of 19 scenarios for

heat pump installations in both residential and commercial buildirgglly, theadoption modeling

section compiled this informatioto project future adoption of heat pumps along assl®aped curve

aimingto estimate the potential heat pump adoption, energy savings and emissions reductions from

heat pumps over the next four years.

This report is organizeidto three primary sectionslt begins with aroverview of the market evaluation

which includes the literature review, target market survey, heat pump owner survey, ASHP installer
survey, distributor interview and solar installer interview resultés worth noting that, throughout the

study, both ommercial and residential data and surveys were analyzed. However, due to low response
rates from commercial respondents in the initial surveys, much of the commercial analysis remains
gualitative.The next section covers the scenario analysis and castteféness modeling and includes a
discussion of recent cost trends, identified building scenagéonergy modeling and cost effectiveness
testing for all 19 scenarios. Finally, the adoption analysis section discusses the adoption models used in
this studyunder various incentive scenariokhis report concludes with a brief review of overall findings
and assessment of future research recommendations.
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Market Evaluation

Togaininsightinto customercold-climateair-sourceheat pump? (ccASHPawarenessgecisiormaking
processesandbarriersto technologyadoption,Cadmuscompleteda high-levelliterature reviewanda
seriesof surveysandinterviewswith NationalGridresidentialand smallbusinessustomers cCASHP
installers,solarinstallers and heat pumpdistributors. Tablel outlineseachof thesemarketresearch
activities, target audiences, and sampledesigrs.

The overall objective of this market research was to draw out insights from ccASHP users and industry
members on how ccASHPs are used, installed, sold, and promoted and to better inform program design
by capturing key inputs for adoption modeling througe twillingnesgo-pay section of the target

market survey. Specific objectives for each market research survey and interview are noted below.

Literature ReviewCadmus conducted a brief literature review of the existing program and of heat
pumps in the Ntheast and nationwide. This literature review served to ground the analysis and enable
us to identify resources for the later surveys and modeling. In total, Cadmus reviewed 22 sources and
identified additional resources for use in later analyses.

TargetMarket CustomerSurvey For this online survey, Cadmus targeted households and small
odzaAySaasSa Ay bliAz2ylf DNARQ&a wkK2RS LaflyR aSNBAO
and who do not currently haveleat pumpd 2 § S E LJ 2 Nda&ten&siomheapintHNE Q

technology, as well as their attitudes, perceptions, and barriers to heat pump adopiillitionally,to
assesgustomerinterestand marketdemandfor ccASH®, we measuredvillingnessto-payfor heat
pumpsunderdifferent scenaric.

Heat PumpOwner Survey For this survey, Cadmus targetassidentialand smallbusinessheat pump
ownersto gatherinsightsinto their decisioamaking process, satisfaction, usage habits, use of controls,
technology preferences, and other relevant factors

ASHRnstaller Interviews. Cadmus conducted these interviews by telephone, targeting registesad
pumpinstallers in the Réde Island area. We focused on identifyheat pumpinstaller practices,
marketing strategies, typical customers interests, and level of interest in additional programming to
further assist National Grid in identifying opportunities for more workforceettgyment, outreach, and
incentive support.

Supply Chain Installdnterviews. We conducted irdepth telephone interviews with ccASHP
manufacturers and distributors that are active in Rhode Island. Cadmus designed and conducted the
interviews in partnersig with NMR Consulting, which was conducting parallel research in Connecticut,

2 For the purposes of this study, cettimate airsource heat pumps are defined as those meeting the
specifications to qualify for the NEEP colnate certification.
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and focused on assessing market growth, costs, and sales rates; upcoming advances in technology;
market adoption barriers and opportunities; and potential for partnerships.

Solarinstaller Interviews. Cadmus conducted idepth interviews with solar PV installers to gauge their
interest in integratingheat pumpinstallations into their service offerings. We soughttaracterizehe
levelof awarenes®f heat pumptechnologyacross the industry anthe barriersand opportunitiesto
engagingwith this market as well ashe experiences, motivations, arekistingbusinessnodels
deployedto incorporateheat pump

Smallbusinessespondentsvere includedin both the target marketsurveysand owner surveysForthe
purposeof this study,Cadmus definedmallbusinessesisNationalGrid customersusinga small
businesgspecificrate, consumindessthan 1 million kilowatt-hoursper year,andwho are not
governmententities. Whilewe achieved the target sample size fachresidentialsurvey,we were
unable to gather the target number of responsesuwst of the commercialsurveysandinterviews.
Thisisin largepart dueto the onsetof COVIBL9 restrictionsandthe subsequenbusinessmpacts
beginningin March2020.While we did gathesomeresponsedrom commerciakespondentsthe small
sample means these findinghouldtherefore be understoodasqualitative,casespecificfindings.

Tablel. PrimaryResearctsampleDesign

Target Actual
Activity Methodology Sector Suldivision 9 -
SampleSize | SampleSize

LiteratureReview Web Scraping All sectors N/A N/A
Residential Electrlcheatlng 68 68
TargetMarket Onlinesurve Deliveredfuel heating 68 68
CustomerSurvey y i Electricheating 68 3
Smallbusiness - .
Deliveredfuel heating 68 5
HeatPumpOwner . Residential N/A 68 78
Onlinesurvey .
Survey Smallbusiness N/A 68 6
ASHRnstaller Telephone
. P ASHRnstallers N/A 68 9
Interviews interviews
Telephon Manuf r
Distributor Interviews . eep_ one a u af:tu es N/A 8 2
interviews anddistributors
Solarinstaller Telephone .
. . p_ Solarinstallers N/A 15 13
Interviews interviews

Cadmusconducteda combinationof telephoneandonline surveys offering a gift card in exchange for
participation in the surveyWe contacted espondentdor the target marketand owner surveysvia
email.We contacted prticipantsin the other three surveysviaemail(or cold callfo schedulephone
interviews.

LiteratureReview

Cadmus conducted a hidével literature review to inform the assumptions used in this analysisoand
approach to the Rhode Island heat pump market.
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Methodologyand Objective

In conducting le literature review, Cadnus explored22 distinct sourcesrelatedto residentialand
commercialASHRapplicationsand assessegrogramevaluationsmarketresearchreports,
specificationsand pastmodelingdatasets A full list of sourcedsin Appendix

KeyFindings

Priorheat pumpresearchhighlightsthe differencebetweenin-situ operationand nameplateefficiency
levels.Multiple studiesmeasurecheat pump performanceas90%or lessof advertisedefficiencylevels
(CadmusGroup2017, Energy Future Groug Energy and Resource Soluti@@s 4. Theliterature also
highlightedthe impactof userhabitsand patternssuch as what settings owners usemperature set
points,or how often they used the heat pumpn the overall efficiency dhe system(CadmusGroup
2017, EMIConsulting2014, VEIG~ebruary2018 CadmusGroup2016 Energy Future Grouf Energy
and Resource Solutio2914) Severaktudiesnoted that the useof programmablehermostatshasa
significant positiveimpacton the installedefficiencyof a system(CadmusGroup2017, VEIG-ebruary
2018 Energy Future Grouf Energy and Resoee Solution®014). It isalsonotablethat prior research
in Massachusetts and Rhode Isldndnd that the averageheat pumpinstallationwassizedto meetan
averageof 2.6timesaK 2 Y $1@ndialJcoolingneeddue to higher heating loads relative to cooliing
the Northeast{Cadmus2016)

Market analyseshowthat heat pumpadoptionisincreasingovertime, with variable efrigerantflow
and mini-split systemdncreasingn marketshareandpopularityin recentyears(NEER2016 NEEP
2017) Manyhomeandbusinesownersare drawnto heatpumpsasawayto addor improvebuilding
coolingand comfort (ConnecticutGreenBank2018) Althoughthe costsavingsof heatpumpusecanbe
significantfor manyhomeownersregionalprogramperformancestudiesstill highlightseveralsizeable
barriersto adoption.Principleamongtheser technologyawarenessperformanceconcernsand
installedcostg continueto dampenheat pumpmarketgrowth. (Cadnus2018 EMIConsulting?014,
Meister Consultantssroup,2017 Energy Future Grouf Energy and Resource Soluti@tsl4). Where
incentivesandsupportare available researchshowsthat programs that lack cleaequirementsor
require significant administrative effodnd costdo participatemaydiscouragenstallers and
distributorsfrom participating(DN\VV\GL2018)

In addressinghesebarriers,state and utility programshaveemployeda variety of methodsto support
heat pumpadoption,with a varyingsuccessMost utility incentiveprogramstoday offer per-ton level
incentiveswith someconsideratiorto systemefficiency.Bypinning incentives to system size, rather
than system efficiengythese incentives appear to favor the less expensive-daltate systems that
just meet efficiency requiremengsather than driving installation aven higher efficiency systems
(NEERFelruary 2019) While sizeis a significantfactor, heat pump costsare alsoconsiderablydriven by
configurationand efficiency,such thattargetingincentivedollarsto systemefficiencymaybetter
motivate cold-climateinstallations(NavigantOctober 52018;Navigant2011) Severaprogram
assessmentkighlightthat aminimumincentivelevelover $500is neededto drive heatpump
installations(VEICSeptember2018 NEERFelruary 2019) Interestingly severalstudiesfocusingon the
impactof electricratesfound that heat pump adoptionis more significantlyaffectedby rebatelevels
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than energyprices,but that reducedelectricitycostsmayhelpin drivinglong-term heat pumpuse
(DNVGL2019 NEER2017) Interms of programdesign,incentivesthat havetargetedmid-stream
wholesalerdhavehadreasonablesucces€ompared to downstream customer incentiv@&EIG-ebruary
2018) Commerciaprograms,onthe other hand,havelargelyfailedto achieveexpectedresultsdueto
low participationdriven in part by high administrative costs of participat{@NVGL2018)

Widespreadcheat pump adoptionis expectedto significantlyimpactenergyconsumptionandthe grid
over time Interestingly becauseair conditioninguseis the singlelargestcontributor to residentialpeak
demand,the useof heat pumpsis expectedto reduceoverallenergyconsumptionand peakdemandin
manycasegue to more efficient cooling relative to older, traditional air condition@igavigantjuly
2018) In NewYork,one studyfoundthat up to 31 TBtuof energysavingsouldbe achievedf heat
pumpsmade up the same proportion of the hing and cooling market as they doGhinaor Europe
(VEIGSeptember2018) The increasecelectrificationof heatingis expectedto increasethe costof
electricitysupplyin the short term particularlyafter severewinter weatherevents(DOER018)
Programadministratorsmay pair electrificationefforts with solarincentivesand energyefficiency
incentivesto mitigate the impactto the grid (DOER018 VEIQ~ebruary2018)

TargetMarket Survey

Cadmusconducteda generalpopulationonline surveyof householdsand smallbusinesse National

D NARRG& Islanderviceterritory that do not currentlyhavea heat pump but rather arein atarget
marketfor installingthis technology The sample included both residential and commercial custotiners
Rhode Island who do not receive natural gas from National Grid and for whom National Grid-toad up
date email and contact information. The exclusion of natural gas customers was based on the
assumption that, given current prices, natural gas is a generally moreffestive heating fuel.

Overview

Using hissurvey Cadmuxploredthe attitudes perceptionsrelatedto ccASHPqerceivedmarket
barriers andwillingnesgo payfor ccASHPsnder different scenariosWe collectedsurveyresponses
from 136residentialcustomersand eight commercialkcustomers.Thesmallsurveysamplesizefor
commerciakustomerdimits the extentto whichCadmusaninfer information aboutthe populationof
commerciakustomershasedon our surveydata.

HeatPumpAwareness

Cadmusaskedcustomerswhetherthey had heardof varioustypesof heatingtechnologiesheforethe
survey,abouttheir familiarity with ASHRechnology andwhetherthey agreedwith variousstatements
about ASHRB. Priorto this survey mostresidentialand commerciakcustomerqroughly65%)hadavery
low levelof familiarity with heat pumptechnology especiallyducted ASHPSNVhencomparingfamiliarity
of ductedversusductlessASHPdyoth customersegmentsvere notably more familiarwith ductless
ASHP¢Table?). While customersagreedmostwith the ideathat ASHPsanoffer quiet and efficient
coolingand providespotheatingand cooling they were lesscertainasto whether ASHPsould
adequatelyheata Rhodelslandhomeor businessThey werealsoskeptial aboutwhether ASHPsvould
costmoreto run comparedto traditional heatingandcoolingsystems.
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Table2. HeatPumpAwareness

Priorto this survey,had you heard of any of the following typesof | ResidentialPercenage | CommerciaPercenage
heatingtechnologies?Selectall that apply. of Responsegn=394) of Responsegn=21)

Woodburningstove/woodpellet stove/fireplace 74% 81%
Baseboarcelectricheat 71% 81%
Centralforcedair furnacewith ductsto individualrooms 69% 86%
Steam/hotwatersystemwith radiatorsor baseboardsn eachroom 67% 81%
(centralboiler)

Portableheater 65% 81%
Ductlesamini-splitheat pump 53% 76%
Ductedair-sourceheat pump 40% 52%
Groundsourceheat pump 31% 29%
Ventedspaceheater(such as &Monitor or Rinnai) 31% 57%
Noneof the above 4% 5%

Note: Then valuesreflect highervaluesthan the total numberof responseslueto multiple responseper participant.

Overallthe average residential or commercial customer has a relatively low level of familiarity with heat
pump technologyFigurel and Figure2). Whencomparingfamiliarity of ductedversusductlessASHPs,

both residentialand commercialcustomerswere slightlymore familiarwith ductedASHPsalthough the
difference is nostatistically significantFigurel andFigure2). Roughly38% ofresidentialand41% of
commerciakespondentssaid theyare not at allfamiliar (a rating of-2) with ductlessASHPsSimilarly,

roughly 31% of residential at8% of commercial respondents indicated that they rmoe at all familiar

with ducted ASHP4$ here is little variation in responses between oil and electric customers.

Propane customers, on the other hand, havaignificantlyhigher awareness of heat pump technology
A plurality of residential propane customers (roughly 32&ied that they weresomewhat familiamwith
ductless ASHPs and 46% indicated they w@ersewhat familiawith ducted ASHP# similarpattern
emergedamongcommerciakespondentsalthoughnot enoughresponsesvere collectedto draw
statisticalconclusions.

Figurel. ResidentialAwarenessof ASHPTechnology

B Ducted ASHP m Ductless ASHP

Overall (n=394) 0.4
-0.54

Kerosense & Qil (n=183) 041
-0.60

0.27
Propane (n=22) H)S
-0.46
Electricity (n=190
v (=190 e

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 15 2.0

Not at All Familiar-R), Not Very FamiliarY), Don't Know (0), Somewhat Familiar (1), Very
Familiar (2)
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Note: Then valuesdo not reflect final surveycompletioncount, asmanymore respondents
completedthesepre-screeningyuestionsthan completedthe surveyoverall.

Figure2. CommercialAwarenessof ASHPTechnology

@ Ducted ASHP m Ductless ASHP

-0.2
Overall (n=22) 0129
-0.45
-0.7
Kerosense & Oil (n=11) p-70
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Propane (n=3)

0.67
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Electricity (n=8)
o3 [

-200 -150 -1.00 -0.50 0.00 0.50 1.00 1.50 2.00

Not at All Familiar-2), Not Very Familiar), Don't Know (0), Somewhat Familiar (1), Very
Familiar (2)

Customerseportedthat they are,on average not very familiar with (or do not knowtheir levelof
familiarity with) ducted ASHPdNn comparisoncustomersare somewhatfamiliar with ductlessASHPs.

Whenaskedto rate how muchthey agreeor disagreewith statementsabout ASHB, customersagreed
mostwith the ideathat heat pumpscanoffer quiet and efficient coolingand providespot heatingand
cooling.Both residentialand commercialkcustomeramost stronglyagreewith the statementthat ASHB
cana odsieterthanwindowandotherairO2 y R A (i (8e2RigSréRRarid Figured). Residential
customersin particularagreewith the statementthat ASHBcana S ¥ ¥ S @ai ah@n$ein Bot

g S| (i EGWEB), while commerciakustomersin particularagreethat ASHBcand | Rgetheating
andcoolingto poorlyservedNR2 2 YFigared). Note that the smallsamplesizeof commercial
customerdimits/ | R Yatritydo generalizesamplelevelfindingsto the overallcommercial
population.

Customers were less certain as to whether ASHPs could adequately heat a Rhode Island home or

business, and whether ASHPs would cost more to install or run compared to more traditional heating
andcooling systems. Specifically, both residential and commlecastomers most strongly disagreed

with the statement thatASHBE Ol Yy a6S Y2 NB O2YLJX AOFGSR G2 2LISNIGS
coolingsystemé / 2YYSNDALFf Odzai2YSNBE | f aASHRA HIIORNRIS R 20B0 K
install than a furnace phicentral air conditioneg
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Figure3. ResidentialHeatPumpAwarenessStatementAgreement

Effectively cool a home in hot weather
Be quieter than window and other air conditioners
Add spot heating and cooling to poorly served rooms
Improve home comfort
Keep a home warm and comfortable in cold weather
Help reduce carbon footprint
Save energy compared to oil, propane, and electric heating
Provide energy-efficient heating in cold weather
Disrupt the aesthetic of a room with wall-mounted indoor heads
Have difficulty keeping a home warm enough in Rhode Island
Cost more to install than a furnace plus central air conditioner
Cost more to run than a traditional heating/cooling system
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Figure4. CommerciaHeatPumpAwareness; StatementAgreement

Be quieter than window and other air conditioners
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Improve home comfort
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HeatPumpPerceptions

Cadmusalsoaskedboth residential and commercialistomersa similar setof questionsfocusedon
cCASHPsSpecificallyywe assesseavhether participantshad heardof ccASHPsheir familiarity with
ccASHRechnology andwhetherthey agreedwith variousstatementsabout ccASHP$-orboth the
residentialand commerciasegmentsmore than two-thirds of surveyedcustomers commercial or
residential,had notheardof ccASHPrior to the survey(Figureb). Specifically, only 34.5% of residential
customers and two of seven commercial customers had heard of ccASHPs prior to the Surtreyse
who hadsomefamiliarity with the technology mostsaidthey were only somewhatfamiliar with
ccASHRsndmanywere unclearasto whether ccASHPsould perform better than traditional ASHPs.

Figure5. Pre-SurveyFamiliaritywith ColdClimateHeatPumps

Residential Commercial
(n=139) (n=7)

P

25.6%

s Yes s No nYes = No

Ofthosewho saidthey hadheardof ccASHRechnology the majority of customersrated themselves as
somewhatfamiliar with this technologyMost customerg(72.5%)were at leastsomewhatfamiliar with
the technology while 22.5%claimedto be veryfamiliar (Figure6).

Figure6. RelativeFamiliaritywith ColdClimateHeatPumps

0% 25% 50% 75% 100%

m Not too Familiar ®m Somewhat Familiar mVery Familiar

More than half of the surveyedtustomerssaidthey were neutral or did not knowwhether ccASHPs
couldperform better than traditional ASHPsMuch like with traditional ASHB, residentialcustomers
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moststronglyagreethat ccASHPsand 6 dbiieterthanwindowandotherairO2 y RA (idn@ y S NA& £
G ST T Scdaldhagnteinbotg S I (I EHWE). Residentiatustomerswere still generallyin
agreementthoughlessso,with the statementthat ccASHPsana LIN.2 éhdrg&ficient heatingin

coldg S I G BEN8dND beyform better in the winter than traditional air-sourceheat pumpsé
Residentiatustomersslightlydisagreedwith the statementthat ccASHPsand K |- difiSulty keepinga
homewarm enoughwithout a backupheatingsourceg¢

Figure?. ResidentialCold ClimateHeat PumpPerformancePerceptions

Be quieter than window and other air conditioners
Effectively cool a home in hot weather

Add spot heating and cooling to poorly served rooms

Keep a home warm and comfortable even in colder weather

Save energy compared to oil, propane, and electric heating

Provide energy-efficient heating in cold weather
t SNF2NY 0SGdSNI Ay GKS Ay dSNI Gk ORI G A2yt | AN&2dNDOS

Cost more to install than a furnace plus central air conditioner
Disrupt the aesthetic of a room with wall-mounted indoor heads
I @S RATFAOMA & 1SSLAYy3I I K2YS Grfr Sy2daAK gsAadK2dzai I o O

Cost more to run than a traditional heating/cooling system
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Source: Survey questiodPleaseate how muchyou agreeor disagreewith the following
statements.Coldclimateair-sourceheatpumpsO |- Y (@=i4) ¢
Therewasan adequatesampleonly for residentialcustomers.

Barriersto HeatPumpUse

Cadmusalsoaskedcustomersaboutthe extentto whichthey consideredmakingheatingand cooling
systemupgradesaswell asthe detailsandbarriersto actions relatedto those considerationsRoughly
75% ofresidentialcustomerssaid they wereconsideing upgradingtheir K 2 Y $€tingandcooling
systemin the nextseveralyears.The majority of theseresidentialcustomersreportedthat they had not
yet madetheseupgradesdueto either highupfront costs,a lackof familiarity with the technology,or a
lackof time neededto makethe upgrade.

Forthoseresidentialcustomerswho did upgradetheir heatingsystemin the lastthree years the vast
majority (82%)installedthe sametype of systemthey replaced(i.e.replacing arold oil furnace with a
new, updated oil furnaceMeanwhile,while the numberof commerciakespondentsvastoo low to
draw anymajor conclusionsit wasnotablethat only half of commerciarespondentshad considered
upgradingtheir 6 dzA f BystghEafinonehadactuallymadethoseupgrades.

Sixtytwo percentof residentialcustomers(n=124) had consideredupgradingtheir K 2 Y $datngand
coolingsystem More specifically 30%had considereda completesystemupgradeand 32%had

13



CADMUS

consideredupgradinga specificcomponentof the system.Homefuel type wasstatisticallyrelatedto
percentageof residentialcustomerswho considerednakingimprovementsto their K 2 Y $i€tingand
coolingsystem:

1 Keroseneand dl: 45%(n=29)
1 Propane67%(n=6)
1 Electricity:74%(n=42)

Notably, interest inmproving home heating systems is positively correlated with the price of fuels, with
the most expensivleating fuel (electricity) having the highest percent of homeowners who consider
upgradesin only 25%o0f caseshad customerscompletedthe work they considered Forthe eight
customerswho decidedagainstcompletingthe work, the top reasonswvere the highinitial cost,lackof
familiarity with other heatingand coolingtechnologiesand concernthat the upgrademayincrease

monthly energyhbills.

Thirty-eight percentof residentialcustomershad not consideredmprovingtheir K 2 Y $€iingand
coolingsystem primarily becauséhe existingsystemwasnot in needof improvementsthe initial cost
of anew systemistoo high,andthat they do not planto stayin their homelongenoughfor the costto
pay off.

Cadmusasled customerswho indicatedthat they consideredsomeform of heatingand coolingsystem
upgradewhat typesof heatingand coolingsystemshey had considerednstalling Themostcommon
systemconsideredvasa ductlessmini-split heat pump (DMSHP, 26%) followed by ecentral AG16%).
Ninety percentof customerswho considerednstallingan ASHRiultimately did not do sodueto some
combinationof highupfront costs,lackof familiarity with the technology,andalackof time neededto
makethe upgrade.

Table3. Heatingand CoolingSystemsConsideredor Installation

Heatingand @oling System Considered Percenageof Response$n=94)

Ductlesamini-split heat pump 26%
Centralair conditiorer with ductsto individualrooms 16%
Ductedair-sourceheat pump 15%
Centralforcedair furnacewith ductsto individualrooms 15%

Most residentialcustomerswvho upgraded their heatingsystemin the lastthree years(n=27 82%)
installedthe samesystemthey replaced Themajority of thesecustomershadnot consideredan ASHP
whenmakingheatingand coolingsystemreplacementdecisionsThepercentageof respondentsvho
did not considerinstallingan ASHRvasstatisticallyrelatedto the K 2 dza S fugl fyge:Q a

1 Keroseneand al: 75%(n=8)
1 Propane100%(n=5)
9 Electric:44%(n=9)
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Willingnesgo Pay

For thewillingnessto-pay (WTP)analysis Cadmusskedpatrticipantsto rate how likelythey would beto
installa specifickind of heat pump underdifferent incentivelevels.We broke thisanalysignto four
scenariosinstallinga DMSHRo partially displaceexistingheating,installinga DMSHRo fully displace
existingheating,installinga centrallyductedheat pumpto partially displaceexistingheating,and
installinga centrallyductedheat pumpto fully displaceexistingheating.We informed estomersof heat
pump pricescomparedto fossitfuel systems thenaskedthem to rate their likelihoodto installthe
technologyon a scaleof -2 (not at all likely) to 2 (verylikely) under different incentivescenariocovering
0% to 50% of the presumed cdstinstalleach system

This analysigesulted inalinearregressiorrepresentingthe line of bestfit for O dza i 2 WTPrdting3
relativeto incentives With 0 asthe neutral point on the scale this interceptrepresentsa breakeven
point, revealinghe incentivelevelat whichthe averagerespondentwasequallylikely and unlikelyto
installthe heat pump. Incentiveshigherthan this thresholdare notably likelyto motivate additional
customerdo installheat pumps,while incentivelevelsbelowthis thresholdare not likely motivated by
the incentiveto installheatpumps.

As illustrated irFigure8 below, the average willingness to pay for a ductless it system (DMSHP)
is significantlyhigher(p<0.@), than that for a central system (CASH#®aning customers generally
require lowe incentives to consider installing the systethis, however, may be explained by the
difference ininstallation cost and cost savings described for CASHPs versus DMSHPs in thes study
illustrated below,ncentives per system need to be relatively highthe average customer to be
equally likely and unlikely to install the systéarating of 0)It is worth noting that to minimize the
confusionfor participantsthe incentives irthis WTP assessmeneve describedn a persystem basis,
ratherthan a perton basis

Figure8. Average Residential Willingness to Play Scenario

(o))
= 2
< 15
x 1
>
© S
o 05
S 0
7
o -0.5
S -
g 1
§—1.5
-2
OO0 0000000000000 O0O0DO0D0DO0DO0DO0DO0DO0O0DO0O0O0O0 OO0 OO
S eNeoReReReReReReReReReR-N-ReResleNeNeleNeNele e Nellele e Ne e lNe e le Ne!
MO N ®OALTNOMOO NS MNOMOOANLW®ANTMNOMO O
FHHF T A0 NNOMMOMSSTIITUOLOLOOOONINIDNI GOWONDPODOD D O
BB PP PO DD DD PP P PP PDH DD DD D PP DD HHHHSH
Incentive Value
e DM SHP Full e===DMSHP Partial CASHP Full e===CASHP Partial

Rating: {2): Not at all likely;-(): Not Very Likely; (0): Neutral; (+1): Somewhat Likely; (+2): Very Likely

15



CADMUS

Overall,severakeytrendsemerged from the WTPanalysis

1 Wheredataare available glectriccustomersappearsignificantlymore willing to payfor heat
pumpsthan oil or propanecustomers.Thisis likely dueto the relative costsavingsof converting
to heatpumpsfrom existingelectricsystems.

1 The lowest incentive required to reach neutralityp® 748 forcustomers partially displacing
electric baseboard heat with a DMSHIRe highest incentive required to reach neutrality is
$8,126 for customers fully replacing propane hedth a central heat pump.

1 Propanecustomerggenerally appear toequire higher incentive® achieve neutrality.
However the differencesin WTP based on existing fuk not found to be statistically
significan.
1 The incentive level needed to achieve neutrality for installing central heat pumps is significantly
different from that needed to achieve neutrality for installing ductless rapiit heat pumps.
This is lagely due to the difference in overall cost as described in the individual scenarios.

1 Incentivelevelsdo notappearto explainmostof the variabilityin O dza (i 2 liKeShgd@d install
aheatpump, as reflected in the low-Bguared values for each WTree. (see suksections for
further discussion)

1 As seen in the graph abovéetshapeof theseWTPcurvesalsoillustratesthat while WTP
increasewith incentiveamount, the marginalincrease inVTPper dollar of incentiveis
relativelylow. Forductless minsplit systems, th WTP rating was shown to increaseaverage
0.16 points for every $1,000 of incentives, while for central systems, the WTP rating was shown
to increase an average of 0.pints for ever $1,000 of incentives.

This willingress to pay study was based on the principle of stated WTP. This approach assumes that,

provided sufficient information, a customer will accurately assess and respond with their specific

preferences (in this case, their likelihood to install a given haatg). It is worth noting, howevethat

GKAA FLIINRFOK Aa y2i0 FotS G2 O2yaGNBf F2NJ I ff G NA
decisionsFurthermore dueto the low responserates,the analysisherereflectsonly residentialWTP

(not commergal WTP) Collectivelythe findings that followsuggesthat, while higher incentives are

consistently needed to motivate widespread heat pump adoptfaotorsbeyondincentivelevelsneed

to changein orderto drive significantheat pump adoption, but that higherincentiveswill consistently

be neededto motivate widespreacheat pump adogion.

DuctlesaMini-SplitPartial Displacement

Underthis scenarioCadmus askeparticipantsto considertheir WTPto installa $12,0000MSHRo
partiallyreplacetheir existingheatingsysten> I & & dzY A y 3 A (i @igure®).WWk informel2 NJ Ay 3 7
respondentghat this technologywould savethem between$300per year (for oil customers)and

$2,600per year (for electriccustomers) Participants were asked how likely they would be to install the

partial displacement heat pump atcentives equal to 0% ($0) 10% ($1,200), 25% ($3,000) and 50%
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($6,000) of the installed castVhile no specific size was detailed as part of these WTP quest
$12,000 DMSHP is roughly equivalent tota 2-ton DMSHRsystem.

WTP Rating

0.4
0.2

-0.2
-0.4
-0.6
-0.8

Figure9. ResidentialWillingnessto Pay:DMSHHFPartial Displacement
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Rating: {2): Not at all likely;-0): Not Very Likely; (0): Neutral; (+8pmewhat Likely; (+2): Very Likely

Overall, willingness to pay was rated very 1¢®,92)With no incentivesavailable WTPremainedvery
low, with the averagecustomer regardlesof fuel type, beingunlikelyto installthe heat pump (-0.92).
Onlywhen offered a $6,000incentivedid ratingsaverageabove0, with a standardrating of 0.16(see
Tabled). The slope of the overall WTP curve for paffi@MHP displacemergflects a marginal WTP
rating change of 0.17 per $1,000 twftal incentives.

Usingthe linearmodelfrom theseresponsesthe typicalincentiveneededto reachneutrality is about
$4,466.33 with electriccustomersbeingslightlymore willing to adoptthe heat pumpdueto its savings
compared tooil customerg(see Table5). However, these differences are nsiiatistically significanfThe
overall model eflects an Rsquared value dd.068, suggesting thatvell over 90% of the variation in
WTP may be predictedylfactors other than incentive levels.
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Table4. AverageRatingper Incentive Level DMSHFPartial Displacement

IncentiveLevel Rating(-2 to 2) Interpretation

$0.00(0%) -0.92 Not very likely
$1,200.00(10%0) -0.37 Not verylikely / neutrd
$3,000.0025%) -0.16 Not very likely / neutra
$6,000.00(50%0) 0.16 Neutral/ somewhat likey

Incentives reflect increasing percentages of the assumed installation cost of $1R@@0hese
values are pulled directly from the WaRd do not reflect the line of best fit shown above

Table5. Incentive Threshold DMSHRPartial Displacement

I T

$4,466.33 $5,035.70 $3,748.50
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DuctlesMini-SplitFullReplacement

Underthis scenarioCadmus askeparticipantsto considertheir WTPto installa $16,000DMSHRo

fully replacetheir existingsystem(Figure10). We informed espondentghat full replacementvould
savethem between$300per year(for oil customers)and $1,600per year (for propanecustomers)The

cost of the system is roughly equigat to a 3 to 5ton DMSHP system, although no specific size is noted
in the questions used for this analysis.

Figurel0. ResidentialWillingnessto Pay: DMSHFFull Displacement
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Rating: {2): Not at all likely;-0): Not VenylLikely; (0): Neutral; (+1): Somewhat Likely; (+2): Very Likely

With no incentivesavailable WTPremainedvery low, with the averagecustomer,regardlesf fuel
type, beingunlikelyto installthe heat pump (-0.79), which isslightlyhigherthan the rating for partial
displacementOnlywhen offered an $8,000incentive(50% of the installed costld ratingsaverage
above0, with a standardrating of 0.43, which issubstantiallyhigherthan for partial displacemen{see
Table6). The slope of the overall WTP curve reflects a marginal WTP rating increéadd &r every
$1,000 of total incentives.

Usingthe linearmodel from theseresponsesthe typicalincentiveneededto reachneutrality is about
$5,058.24 with oil customerswillingto adoptthis heat pump configuration at a very slightly lower
incentive level. Meanwhile, propane customers appear to need higher incentives to consider adoption
(seeTable?). Thisis aslightlyhigherincentivethresholdthan for partial displacementAgain, however,

the difference betweeriuel types, and the difference between the full and partial displacement systems
are not statistically significanOverall, themodel for Ll replacement DMSHPSs, not breaking out by fuel
type, has an Rquared 00.092 reiterating the notion that more than 90% of variation within WTP
responses in this survey are predicted by factors other than rebate levels.
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Table6. AverageRatingper Incentive Level DMSHF-ull Displacement

IncentiveLevel Rating(-2 to 2) Interpretation

$0.00(0%) -0.79 Not very likely
$1,600.00(10%) -044 Not very likely / neutral
$4,000.00(25%) -0.18 Not very likely / neutral
$8,000.00(50%) 043 Neutral/ somewhat lilely

Incentives reflect increasing percentages of the assumed installation cost of $1Bl@@0these
values are direct averages, and not derived from the line of best fit noted above.

Table7. Incentive Threshold DMSHHF~ull Displacement

overal |01 propane

$5,058.24 $4,961.05 $6,689.86

CentralHeatPumpPartial Displacement

Underthis scenarioCadmus askeparticipantsto considertheir WTPto installa $12,500 central heat
pumpto partiallyreplacetheir existingsystem(Figurell). We informed espondentghat this
technologywould savethem between$300per year (for oil customersland $1 400 per year (for
propanecustomers)While no specific size was established tost of this system is roughéguivalent
to that ofa 2.5 to 3.5on central system.

Figurell ResidentialWillingnessto Pay:Central A&IPPartial Displacement

& 05
o
g 0
e
= -05 —
© e
o -1 —
= —
2 15
-2
eNeNeNoNolololololololololololololNolololclohololholololchoho oo ool
IYelNoNeoNoloololeololololololcNololohol=hchohohoholooloohoholoRo o)
QO HANLXATNOMOOOANLOWDBATNOMOOANLQATNOMO O
D T T TN NNOMMOOSTT IO OO O ONININGOWOMWDD D O
HH DDA PAPPPPPRPPARPADPDPDDADDDDDDDHHHHHH
Incentive Level
e Overall Propane oil

Rating: {2): Not at all likely;-(): Not Very Likely; (ONeutral; (+1): Somewhat Likely; (+2): Very Likely

With no incentivesavailable WTPremainedvery low, with the averagecustomer,regardlessf fuel

type, beingveryunlikelyto installthe heatpump (-1.57). Thisis significantiylower that the likelinessto
installthe mini-split system,suggesting significantdifferencein perceptionbetweenthe DMSHRand
the central ASHPOnNlywhen offered an $10,000incentive(80% of the total installed costljd ratings
averageaboveO, with a standardrating of 0.62, consistentwith expectationgsee Table8). Notably,
there is nonoticeable difference in willingness to pay between propane andusilomersThis is clearly
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reflected in tre lack of apparent distinction betweentiet NR LI yS>¢é¢ ahAf Z¢é YR ah@S
seen inFigurell. The overall curve herreflects a marginal WTP rating increas@®.@2 per $1,000 of
additional incentives per system.

Usingthe linearmodelfrom theseresponsesthe typicalincentiveneededto reachneutrality is about

$7,161.67 with both oil and propanecustomersexhibitingvery similarWTPdespitedifferentiated

savingsvalues Thisfinding suggess that the cost, cost savings artktailsof the centralheatpump
systemhasaninfluenceon O dza i 2 WTPdN@rdll(see Table9). While the difference between central

YR RdzO(f Sdaa aeaidSvya Aa arayATFAOlyidx GKS RATFSNBY
for central heat pump systemis not.Unlike the DMSHP models, the central heat pump modescribed

here has an Rquared value 00.32, suggesting that jusinder 70% of variability is predicted by factors

other than rebates. This is notably higher than among the DM8étiels andsuggests the need for

further research into the nature of WTP predictors within the heat pump market.

Table8. AverageRatingper IncentiveLevel Central A&IPPartial Displacement

IncentiveLevel Rating(-2 to 2) Interpretation

$0.00(0%) -1.57 Notat all likely
$2,000.00(16%6) -1.00 Not very likely
$5,000.00(40%) -0.62 Not very likely
$10,000.00(80%) 0.62 Somewhatlikely

Incentives reflect increasing percentages of the assumed installation co$2&0$. Note these
are direct averages and do not reflect the line of best fit described above.

Table9. Incentive Threshold Gentral ASHPPartial Displacement

overal |0 " propane

$7,161.67 $7,127.79 $7,192.59

CentralHeatPumpFullReplacement

Underthis scenarioCadmus askeparticipantsto considertheir WTPto installa $20,000 central heat
pumpto fully replacetheir existingsystem.We informed espondentghat this technologywould save
them between$200 per year (for oil customers)and $1,100 per year (for propanecustomers)Based on
system cost, this is roughly equivalent t8.& to 4.5ton central heat pump sysm.
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Figurel2 ResidentialWillingnessto Pay:Central ASIPFull Rglacement
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Rating: {2): Not at all likely;-(): Not Very Likely; (0): Neutral; (+1): Somewhat Likely; (+2): Very Likely

With no incentivesavailable WTPremainedvery low, with the averagecustomer,regardlesf fuel

type, beingvery unlikelyto installthe heat pump (-1.59). Likethe partial displacemenscenariothisis
substantiallylower than likeliness to install ®MSHPIn part dueto the overallcostof the system.
Interestingly this rating is only slightlylower than for the partial displacemenscenario despitebeing
nearly double thecost, indicating that astomersmayfavorfull replacementOnlywhenoffered an
$10,000incentive(50% of the installed cost)id ratingsaverageaboveO, with a standardrating of 0.59,
consistentwith expectationgsee Tablel0). This overall curve, therefore, reflects a marginal WTP rating
of 0.21 for every $1,000 of incentives.

Usingthe linearmodelfrom theseresponsesthe typicalincentiveneededto reachneutrality is about
$7 376.44 with oil customersbeingslightlymore likely to installthan propanecustomersThisis
somewhatcounterintuitivebecauseof the lower costsavingglescribedfor oil customershan for
propanecustomershut doesnot reflect a significantdifference(see Tablell). The standard model for
full replacement central heat pumps, not breaking out replaced fuel types, hRsgnared value of
0.29 suggesting that just over 70% of variability is predicted by factors other than reghhtes.

Tablel0. AverageRatingper Incentive Level Central ASIPFull Displacement

Incentive Level Rating(-2 to 2) Interpretation

$0.00(0%) -1.59 Notat all likely
$2,000.00(10%) -1.04 Not very likely
$5,000.0025%) -0.61 Not very likely
$10,000.0050%) 0.59 Somewhatikely

Incentives reflect increasing percentages of the assumed installation c$20@300

21



CADMUS

Tablell. Incentive Threshold Gentral AAHPFull Displacement

overal |~ 01—~ Propane

$7,376.44 $6,544.34 $8,126.10

EnvironmentaDecisionMaking

Cadmusaskedcustomersaboutthe extentto whichthey agreedwith severalstatementsaboutclimate
changeasit relatesto their decisionmaking.Based on their responseasiostcustomers both
residentialandcommerciat are concernedaboutclimatechangeandthe environment.Notably,
customersn both segmentslo considerenvironmentaland climatechangeimpacts whenmaking
decisionsabout heatingand coolingsystemsHowever the two groupsare in lessagreementabout
whethertheir efforts haveanimpacton the environment.

Asshownin Figurel3, the averageresidentialcustomereither somewhator stronglyagreeshat climate
changeis athreat andis concernedabout climatechangebroadly. Similarly statementsregarding
decisionmakingincorporatingenvironmentaland climate considerationganked around0.85,
suggestinghat the averagecustomeris somewhatlikelyto incorporateclimateconsiderationsn their
decisionsput maybe not as theprimaryfactor.

Notably,surveyedesidentialcustomersbroady (albeit lessstringenty) rejected the ideathat climate
changeis naturallyoccurring,suggestinghat mostcustomershink that climatechangeis at least
somewhatcaused byhumars. Customers hasveakdisagreementvith the statement & S F 2 NJIi &
reducemy environmentalimpactmakelittle R A ¥ ¥ S BLuBgésiirfiatat leastafew customers
believethey can reduceheir climate impacts through individual action

While only afew commercialcustomersrespondedo this part of the survey,similarpatternsemerged,
with notableagreementthat climate changeis a significantproblemandis beingconsideredaspart of
decisionmaking.
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Figurel3. ResidentialEnvironmentalDecisionMaking
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Theonly statisticallysignificantdifferencein responsedy fuel type wasin regardto whethera customer
considersclimatechangewhen makingdecisionsThelevel of agreementwashighestfor keroseneandoll
customerg0.9).

Figureld. Commercial Environmental Decision Making
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Note, due to low commercial response ratesesle findings should be assessedascdotal.

Thisanalysigevealsthat environmentalimpactis notablytied to decisionmakingfor manycustomers.
However based orthe heatingandcoolingreplacementstatisticsnoted above it appearsthat such

environmentalconsiderationsare often outweighedby price anda generallackof understandingpf
more efficientheat pumptechnologies.
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KeyFindings

Based on resultgdm the surveyoverall the Rhodelslandmarketis at an earlystagein heatpump
marketgrowth. Generalawarenes®f heat pumpsremainsquite low, with few customersreceiving
information about heatingand coolingtechnologiedrom anywhereoutsidetheir installers.Thislackof
technicalfamiliarity andthe relative upfront costof thesetechnologiesmeansthat manycustomers
needsignificantincentivesto considerheat pumpsfor their homeor businessMeanwhile,while
environmentalconsiderationsare often involvedin heatingand coolingdecisionsthey appearto be
significantlyoutweighedby costandtechnologicafamiliarity.

HeatPumpOwnerSurvey
Cadmusconductedan online surveyof current ownersof heat pumpsn the NationalGridRhodelsland
territory.

Overview

We identified heat pumpowners usingastyeai @bate dataregardingcustomerinstallationsof HVAC
equipmentand surveyedcustomerswvho had participatedin the limited fuel displacemenbffering,
electricresistance to heat pumponversion offering, anthe lower rebatestandardheat pump offering.
Cadmus usede surveyto explore2 ¢ y SdbidsiGnmakingprocessand experienceduring ASHP
installation We alsoassesse® dza (i 2 sdtSfhdofwith the impactof the heatpumpon heatingand
coolingcosts aswell astheir usehabitsandcontrol systems.

Cadmusollectedsurveyresponsedrom 78residentialcustomersand sixcommercialkcustomers.The
smallsurveysamplesizefor commerciakcustomerdimits the extentto whichwe caninfer information
aboutthe populationof commerciakustomersbasedon our surveydata.

DecisionMaking

Cadmusaskedcustomershow they learnedabout ASHPsndwhat factorscontributedto their decision

to installan ASHPOwnersmost often heardabout ASHP &y word of mouth, eithefrom afriend, family
member, neighbor, or colleagug(34.5%) or from their HYACzontractor (25%;Table12). Thenextmost
commonsourcesof ASHRknowledgeamongresidentialcustomersare onlineresearch,TVshows,or

duringan energyaudit. Over8%of residentialcustomersdo now know how they first learnedabout
ASHPaNotably, none of the survey respondents reported first learning about ASHPs from National Grid
directly.
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Tablel2. Air SourceHeatPumpKnowledgeSource

: . Percentage of
How did you first learn about ASHPs? 9
Responsegn=84)

From a friend, family member, neighbor, or colleague 34.5%
From a contractor 25.0%
Onlineresearch 14.3%
5 2 ykfbivor R 2 yfenémber 8.3%
TVshowor advertisement 7.1%
Other (pleasedescribe) 7.1%
Duringan energyaudit 3.6%
Directlyfrom NationalGrid 0.0%

Thetop reasonfor installingan ASHRliffered by sector. Halfthe commercialbwnersmostoften hadan
old systemin needof repairor replacementwhile a smallerproportion wanteda quieter heatingand
coolingsystem(Tablel3). Bycomparisonyesidential customers most oftewantedto add cooling
while a smaller proportion wantetb savemoneyon heatingand coolingbills. Additionally, roughly24%

of residential customers noted that they wanted a more comfortable heating or cooling system in their

homewhile another 18% said they were motivated to install a heat plegause there was an
incentive available

Tablel3. TopTwoReasondor Installingan ASHP

What led to your decisionto install an ASHP? Percentage of
Responses
Residential (n=110)
Wantedto addcooling 35%
Wantedto savemoneyon heatingand coolingbills 25%
Oldsystembrokedown or neededreplacing 50%
Wanteda quieter heatingand coolingsystem 33%

Figurel5 showsthat ASHRywnersare generallyconcernedabout climatechangeandthe
environmentalimpactsof their behavior.The responses among heat puragwners are statistically the
same as thosé&rom the target market sampléHeat pump owners therefore have roughly the same
environmental values as the general population, vationgagreementwith the notion that climate
changesathreatto the environment anda high level o€oncernabout climatechangeimpacts While
environmentalconsideratiors are highamongASHRowners,theseconsiderationsdo not fully explain
the motivation and decisionmakingbehindacquiringheat pumpsfor all owners.
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Figurel5s. Ervironmental Considerationsof ASHP Owners
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InstallationExperience

Cadmusaskedcustomerswhetherthey had an energyaudit before ASHRnstallation,whetherthe
auditor recommendedASHRnstallation,and how the customerhad subsequentlydentified their heat
pump contractor.Most owners(60.5%)did not havean energyaudit prior to ASHRnstallation.Among
the 39.5%who did havean energyaudit, only 7% said theiauditor recommendan ASHPIn 88%of
casesthe auditors recommendedspecificenergyefficiencymeasuresspecificallyinsulation air sealing
or both. Most owners(roughly 65%gompletedtheserecommendedipgradeshefore ASHRnstallation.

Additionally,the meansby which ASHRwnersidentified their ASHRontractordiffered by sector
Residentiabwnerstypicallyreceiveda bid from just one contractor,who they usudly identified through
word of mouth. Commerciabwnersmostoften solicitedbidsfrom two or three contractorswho they
typicallyhadworked with previously

Residentiabndcommercialcustomersalsohaddifferent concerngprior to their ASHRnstallation.The
mostcommonconcernamongcommercialASHRwnerswasthe costassociatedvith the time
commitmentrequiredto installand maintainthe system while the most common concern among
residentialASHRwnerswasthe systemcostand performance.

CustomerSatisfaction

Cadmusaskedcustomersabouttheir satisfactionwith variouscomponentsof the ASHRexperienceas
well astheir likelihoodto recommendan ASHRo afriend. Rated on @ to 10 scale, witld beingdnot at
F £t &l ¥Ra mxnSxdedalysatisfiédthe majority of heat pump owners expressed
widespread satisfaction with their heaump and its installatioliseeFigurel6). Ownerswere most
often the mostsatisfiedwith the performanceof their ASHR89%very satisfied)the contractorwho
installedthe ASHR89%very satisfie§ andthe information andinstructionsthey receivedfrom the
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contractorabout systemoperationand programmingsettings(84%very satisfiedFigurel6). Only a

relatively small fraction of heat pump owners expressed even slight dissatisfaction (a rating of less than
7) for any feature of their heat pump and installation experiefwile the majority of customerswere
satisfiedwith their heatpumpoverall the mostcommonpoint of dissatisfactiorwasthe rebate

amount, likely attributable to the number of heat pump owners who did not qualify for the higher

rebate, or who installed their heat pumpefore these higher incentives weeawailable from National

Grid.

Figurel6. Residential ASHP Own&atisfaction(n=57)

Cost of Energy Bills 35% 63%
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ASHPwnerswere somewhatlesssatisfied however,with other aspectsf their ASHRexperience.
Thosewho receivedthe smaller, standardrebatefrom NationalGridwere somewhatlesssatisfiedwith
their rebateamount. ASHRwnerswere alsosomewhatlesssatisfiedwith the amountof their energy
bills after installingthe ASHPTable14 presentsa detailedbreakdownof ASHR? ¢ Y Séyhrted
changedo their monthly energybills. Forthe majority of owners(82%,n=70),energybillst including
electricity,naturalgas,andoilt did change.

Tablel14. Monthly EnergyBills

. Commercial| Residential Resdential Resdential Nong
Monthly E IICh
onthly EnergyBi anges (=) (n=30) Natural Gas(n=5) | Natural Gas(n=25)

Lowerby alargeamount($500r more lowe) 50% 13.3% 20.0% 12.0%
Lowerby asmallamount($11to $49lower) 25% 43.3% 60.0% 40.0%
Largelystayedthe same(within $10per month) 0% 13.3% 0.0% 16.0%
Higherby a smallamount($11to $49higher) 25% 13.3% 0.0% 16.0%
Higherby alargeamount($500r morehigher) 0% 16.7% 20.0% 16.0%

Notably,andcontraryto expectationsthe majority of natural gasrespondentssaidtheir billsdecreased
after installingthe heat pump. Thismaybe attributable to other energyconsumptionchangessuchas
better managinghermostatuseor replacinglessefficient coolingsystems omaysimplyreflect thelow
samplesizeand should likely be interpreted as anecdotabnverselythere are a notable numberof
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non¢natural gasownerswho saidtheir billsincreasel after installinga heat pump. Again,this maybe
attributable to behaviorchangesor to the additionof cooling,whichremainsthe primary motive for
installinga heat pump, or amisrepresentatiorof savinggiven that oiland propane are oftenat billed
on a monthly basidnterestingly the sevenrespondentsvho reported not having previously cooled
their home noted that, on averagetheir monthly energy bills decreased slight\l but one of these
respondents had also switched from fuel oil or propane to the heat pump.

Cadmusalsoassessethow likely ASHROwnerswereto recommendan ASHRo afriend. Most
residentialASHRowners(90.7%Yeported beingverylikelyto recommendan ASHRo a friend,
compared t083.3%of commercialASHRwners(Figurel?).

Figurel?. Likelihoodto RecommendASHRo a Friend
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Thisis further confirmationof customergbverallenthusiasmabouttheir heat pump system While the
surveymayreflect someselfselectionbias,with only thosecustomerswho aremostinterestedin their
heatpumpsselectingto respondto the survey the findingsoffer anencouraging/iew for helping
facilitate heat pumpadoption.Becauseéhe mostcommonwayto learnaboutheat pumpsisthrough
word of mouth, this levelof positiveresponseindicatesthat a growingnetwork of heat pump usersmay
continueto facilitate marketgrowth for the technology

HeatPumpUse

Cadmusaskedcustomersa broadsetof questionsrelatedto their ASHRusagehabits,interactionswith
their ASHRontractor,the useof other heatingand coolingsystemsthe useof ASHRontrols,andany
problemsthey experiencedwvith their ASHPMost residentialownersintendedto usethe ASHRasa
supplementaheatingsystem,mplying that they are using the heat pump either to heat only select
areas of the homgor only under certain circumstances. Meanwhitegstcommercialbownersintended

to usetheir heat pumpastheir primary heatingsystem(Figurel8), implying that the heat pump is

either their only heating system dmtended to provide the majority of heating for their spadétably,
fully 14% of residential heat pump owners use thaahpump exclusively for coolings $iownin
Figurel9, most customers]00% ofcommercialand88% ofresidential, used their heat pump system as
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their primary sourcef cooling.This means that they either fully replaced their existing cooling system
with the heat pump or did not previously have any cooling and add cooling to their home by installing
the heat pump.

Figurel8. HeatPumpUsageHabits Heating
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Figurel9. HeatPumpUsageHabits Cooling
120%
100%
8
T 80%
©
c
2
o 60%
4
ks 0
o\g 40% 88%

20%

0%  ELZ) 0% 1%
0% [T
Supplemental Primary None

m Commercial (n=5) m Residential (n=64)

Notably,roughly 11% of residential respondents stated that they did not use their heat pump as their
primary source of coolingA brief followup question reveale that 73% of tlose using their heat pump

as supplemental cooling retained their old system and used it to cool the majority of their house while
using the heat pump to cool only select rooms. Another 27% of these respondents noted that they ran
the heat ump at the same time as an existing system to provide sufficient cooling.
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Tablel5. Residential Intended Heat Pump Uses

Intended Heat Cooling Use
Pump Use Supplementa

12.5% 1.6% 0.0%

Residential respondents only (n=64).

Heating Use

As seen iTablel5, the majority ofresidentialheat pumpowners planned to use their heat pumps as

the primary souce of coolingwhilealso using the heat pump for some amount of heating. The most
common scenario, representing nearly 47% of all residential scenarios, is the installation of a heat pump
as the primary source of cooling and as a supplemental, orbckource of heatinglhe next most
O02YY2y a0SYyI NK2Yhd akdtSorRgad8ltftlIiAz2y HKSNB (GKS
both heating and cooling for the house.

Within this usagebreakdown there is a notabledistinctionin response$asedon existingheatingfuel.
Althoughsamplesizeswere small,approximately75%of natural gagesidentialowners(n=12) intended
to usean ASHRasa supplementakystem,comparedto 51.8%0f residentialcustomerswvho use another
fuel type(seeTablel6). Thisfollowslogicallyfrom the relative costof naturalgasand supportsthe
generalnotion that heat pumpsare often installedfor supplementaheating but primary cooling.

Table16. HeatPumpUsageHabitsof Residential Owners

. . Overall Resdential Resdential Nong
How do you useyour ASHPRand prior heatingsystem? ! .
J J P gsy Residential | Natural Gas(n=12) | Natural Gas(n=33)

I usethe prior systemasmy primary heatingsourcefor the

o 57.8% 75% 51.5%
majority of my home
| usethe ASHRasmy primary heatingsourcefor the majority of

yprimaryheating forty 13.3% 0% 18.2%

my home
| use theASHRandmy prior systemequallyto heatmy home 13.3% 8% 15.2%
I only usemy ASHHor coolingmy home 15.6% 17% 15.2%
5 2 ykebi 0.0% 0% 0.0%

Note: There werenot enoughcommerciakespondentgo report relative usestatistics. Theone propanerespondentsaid
they usetheir prior systemastheir primaryheatingsource.

Roughlyhalf of all residentialownersusetheir ASHRo servicetwo to four rooms(n=66)comparedto
approximatelyone-tenth who useit to serviceonly oneroom. Thisis logical givethe recenttrend
toward greateradoptionof multi-zonesystemsas supported by the incentives promoted in taeea
Unsurprisinglycustomerswith naturalgastend to usetheir ASHRo servicefewer roomsthan those
with propaneor fuel oil. Amongnatural gascustomersyoughly33%(n=12)usedtheir ASHRo service
oneroom, while 25%usedit to servicetwo to four rooms.Onthe other hand,roughly52%of oil
customersusedthe heatpumpto servicetwo to fourroomsandonly 4%usedit to servicejust one
room.
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Lookingat broaderusagepatterns,roughlyone-third of all customersrun their heatpumpin alimited
numberof roomsor only duringshoulderseasonsusingsupplementaheatersin other part of the home
andat other timesof the year(seeTablel7). Thislimited useis mostcommonamongnaturalgas
customers 40%of who saidthey only usean ASHRn a limited numberof rooms.Theshoulderseason
useis, interestingly,more commonamongnongnatural gascustomergat over 40%j)han among natural
gascustomers.

Tablel7. UsagePatternsof ASHP among Residential Customers

Residential Resdential Resdential Nong
How do you useyour ASHP?
Natural Gas(n=10) | Natural Gas(n=19)

| useit to heatalimited numberof roomsin my home 31.3% 40.0% 27.3%
I run it duringthe shoulderseasonghen switchto my prior
g yp 34.4% 20.0% 40.9%

system
I run it until a certaintemperaturethenturn it off and switchto

. P 18.8% 20.0% 18.2%
my prior system
I runit at the sametime asmy prior system 9.4% 10.0% 9.1%
5 2 ykebi 6.3% 10.0% 4.5%

Note: There werenot enoughcommerciakespondentdo report relative usestatistics.

Bestpracticerecommendationgncourageownersto settheir heatpumpto either heatingor cooling
dependingon the seasorto maximizetheir efficiency.The majority ofesidentialcustomersprimarily
usethesetwo settings,indicatingreasonableuse patterns. About 31%of residentialcustomersusethe
éadzii 8efting (Figure20), which maydiminishenergyefficiencyin somecasesWhileresponserates
weretoo low to draw meaningfulconclusionsit isinterestingto note that a substantiallyhigher
percentageof commerciakcustomersusethe éadz(i 8efting,while nearlyall usethe coolingandheating
specificsettings.Thisgenerallyseemsto indicatethat most commerciatustomersare, with some
exceptionsfollowing heatpump operationbestpractices while residential customers seem more likely
to use specific preferred settings for their heat purimtably,some commercial and residential owners
stated that they used both théautoé mode and either the heating or cooling mode, suggesting that
someusers may dfault toli K S dntodetu vill occasionally switchrothe heating or cooling modes
to meet specift, shortterm needs.
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Figure20. ASHHA-eaturesand SettingsUsed

21%
Fan mode 60%

Dehumidification-only mode 0%

Auto 31%

60%

; 55%
Heating mode 100%

i 62%
Cooling mode 80%

0% 20% 40% 60% 80% 100% 120%

m Residential (n=110) = Commercial (n=5)

Note thatpercentages do not add to 100% as respondents were able to select more than one option.

With installersand contractorsasone of the majoisources heat pump awarenessCadmusalsosought
to understandthe extentto whichcurrentheat pumpownerslearnedaboutthe details of the
technologyfrom their installers.Roughly90%of owners(n=82)saidthey receivedsometype of
educationfrom their contractorabouttheir ASHRystem.Contractorsspentmore time educating
residentialowners(typically15to 44 minutes)versuscommercialowners(typicallyunder 15 minutes).
Gontractorsalsooften providededucationaimaterials(80%,n=81),most often aninstructionmanualor
userguide.Thevastmajority of owners(94%,n=64)saidthey did usethesematerialsto learnhow to
usetheir ASHRsystems

Cadmuslsoassessethe extentto whichASHRwnersneededto perform maintenanceon their
system.Themajority of ownersdid not haveissueswith the performanceof their ASHPand manydid

not seeksystemmaintenance This is reasonable considering thhetmedian age for heat pums the
samplewas 45 yearsold, with fewer than25% of respondents reporting that they installed their heat
pump prior to 2016Roughlyhalf of all commercialowners(n=6) receiveannualservicingwhile 47%of
residentialownershave notreceival anymaintenance Thisis somewhat higher than may be expected
given the median system age and lack of reported issp@siting to more minor, routine maintenance
Indeed,residentialcustomerswere shown tomore frequently perform smallmaintenance(such as
clearing or repladngair filters), with 43%conducing basicmaintenancesverythree monthscompared
to 50%o0f commerciakespondentonly conductingbiannualmaintenance Interestingly,andlikely due

to samplesize,only onecommerciakespondentreported being dissatisfieavith their ASHP.
Meanwhile,roughly11%of residentialownersreported experiencinga performanceissuewith their
system requiringsome kind ofmaintenance Among this small subample (7 total respondents), 3
respondentsoted dissatisfaction with the comfort of the heating and cooling from the heat pump, with
only 2 respondents noting that they faced maintenance issues.

Finally,Cadmusassessed\SHR? ¢ y QubkbBf@ontrols.Nearlyall ownerssaidthat the contractorspent
time postinstallationexplainingthe new system includingcontrol use Most residentialand commercial
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owners(54%)useonly the mostbasiccontrols,mostoften using the simplehand-held remote that
camewith an ASHRand havenot yet movedtoward installing integrated controlthat manageboth
primary and secondary systen@nlyaverysmallproportion of customerg8%)havesomekind of
smartthermostatsystemwith theseintegratedcontrol capabilities.

KeyFindings

Overallthe 2 ¢ Yy Sii¥eyhdicatesthat currentheatpumpownersmay be a significantassetin the
ongoingpromotion andadoptionof heat pumpsin Rhodelsland.Giventhat mostcustomerdearned
aboutheat pumpsfrom their peersor contractorand have ahighlevelof overallsatisfactionijt islikely
that manyownerswill continueto reinforceefforts to promote this technology It is also notable that
none of the surveyed heat pump owners first learned about heat pumps directly from National &aid.
currentstudyalsoreinforcesthe pastresearchfinding thatthe additionof coolingis a primary
motivationfor installingheat pumpsin residentialbuildings.Meanwhile,usingheat pumpsto
supplementexistingheatingsystemsappearspopularin residentialsettings,but not in commercial
settings,indicatingthat different approachego incentingthesesystemdor different sectoramaybe
appropriate.Finally while manycustomersare usingtheir systemeffectively,the low levelof integrated
control useindicatesthat further promotion of smarthome and smartthermostattechnologycould
offer someadditionalenergy-savingandintegrationbenefits.

ASHRnstallerSurvey
Cadmus conducted surveys and interviews wihtractorsand businessefmvolvedin the installation
of air-sourceheat pumpsin Rhodelsland

Overview

Thesecontractorswere identified from thosewho submitted rebates tdNationalGridin the past The
aimof theseinterviewswasto understandhow NationalGridcanmost effectivelysupportand engage
installersin promoting heat pumpadoption. Specificallythe surveyssoughtto identify the kindsof
trainingand supportthat contractorsrely on, assessnarketingtechniquesidentify the primary
technologiedeinginstalled,and confirm price trendsandfuture projections.While the studyinitially
targeted30 installersfor theseinterviews,dueto the COVIEL9 crisis,veryfew respondentsvere
availablefor comment,andatotal of 9 surveyswere ableto be conductedduring the study periodhy
both phoneandonline surveyform. Whilethis doesnot providea representativesample the insights
from this analysisdo supportsomecritical findingsandreaffirm the findingsof pastresearch

Engagement

Onlyabouthalf of installerssurveyedcontinue todirect customers to théationalGrid ElectricHeating
andColingrebateprogram Ofthoseinstallerswho conductedoutreachand marketing,mostinclude
ccASHPspecificmarketing,althoughtheseinstallerswere not likelyto mention NationalD NJrébfeis
Thislow levelof activeengagementvith NationalD NJ pRo@ramswaslargelyattributed to highbarriers
to entry, includingpaperworkand a lackof meaningfulincentives Installersoffered several
recommendationgo theseends,includingrequestingthat NationalGrid streamlinethe applicationsand
paperwork,and suggestindnigherincentivesto matchthe highcostof installations.
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Market Segment

Whenaskedwhenin the processnstallerstypicallyintroducedthe ideaof installingheat pumps,many
suggestedhat the technologyis discussedn veryearly conversationsAssupportedby customerside
researchtheseconversation®ften focuson either addingcoolingor providingsupplementaheat.

Severakeyfactorswere commonlynoted in determiningcustomerinterestsin heat pumps,including
rebatesandgeneralawarenessManyinstallersechoedthe findingsof the customersurveysnoting

that they were amongthe first to introduceheat pumpsto their customers Whenintroducingthe

technology severalinstalers highlightedhow additionaleducationabout the technologyandits energy
andcarbonbenefitswere significantfactorsin drivingcustomerinterest. Theprimarydriver, however,is

cost Sveralinstallersthat participatein the NationalGrid programsnoted that, once a customer has

decided to instalh heat pump, theebates fromNationalGrid, and the specific systems théocus on,

are aconsiderabldactorinOdza G 2 YSNR Q &St SOlGA2y 2F KSIG LidzyLl G SOK

ASHRostsremaina major barrierto installation,however,andmostinstallersexpectcoststo increase
slightlyoverthe comingyears.

Formostinstallers,the mostcommoninstallationis a ductlesssystem with centralheat pumps
representingarelativelyinsignificantportion of installsfor mostrespondentsWhile both single and
multi-zoneinstallationsare commonfor ductlesssystemsseveralinstallersindicatedthat (i K S &e@ S
anincreasdan overallASHRales specificallyductlesssystemsjn recentyearsand expectthat trend to
continue.

Trends

Nearlyall installersreported that the ASHP$hey tend to installare goinginto middle- and high-income
singlefamily homesbuilt between1960and 2000.Installersreported roughcostestimationsof several
different configurationsreaffirmingthe pricesusedlater in this study.Ascanbe seenin Tablel8, there
is a significantjump betweentypicalsingleand multi-zoneinstallations Therisingcostsper systenof
the typicalheat pumpinstallationscanbe somewhatattributed to the risingprevalenceof these
configurations.

Tablel18. CostDistribution by Configuration

HeatPumpConfiguration Installed Cost %Equipmentcost

CGCsinglezoneDMSHP $5,270 60%
CQmulti-zoneDMSHP $14,630 64%
CCCentralASHP $12,170 65%

Notably,mostinstallershighlightedthat roughly60-65%o0f installedcostscomefrom the equipment
itself, rather than labor and othersoft costs.It is worth noting thainstallers were not asked to clarify
whether they were including markup in their equipment co$t#hile pastresearchhasindicatedthat
thesesoft costsare not likelyto changesigniicantlyin the comingyears,nearlyall installerssuggested
that the overallcostof heat pumpinstallationis increasingslightlyand expectthat trend to continue.
Oneinstallernoted a potential for high costincreasegrom tariffs.
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Training Outreach& CustomeEngagement

Fiveof the nine respondentseported participatingin a trainingrelatedto ASHRechnologyand
installationaspart of employeeeducation Formostinstallers thesetrainingsfocusedon how to
educateandengagewith customersaswell asdetailsaroundthe installation,and servicingof
technology Most often, installersindicatedthat thesetrainingswere sponsoredoy manufactures and
supplierswith only three respondentandicatingthey had participatedin a third-party trainingfrom
NationalGridor CLEAResulMost installers also reported that it was relatively easy to retain-well
trained, qualified installers.

Of the nine respondents, only 5 participated in the 2019 National Grid Electric Heating and Cooling
rebate program for ASHPs. However, four of these indicated a relatively low level of satisfaction with the
program When discussing their recommendations for improving the National Grid program, several
pointed to the need to simplify the program, both fraime customer and the contractor standpoint.

Three installers noted that they would like to see more active outreach by National Grid to inform
installers and customers about the incentives availaBlee specifically suggested thithere should be

a toolwhere you put in the serial number/AHRI number and get the rebate they will reééinether

noted that the Mass Save program could serve as a template for how to improve the program.

Only six of the nine respondents reported conducting outreach andkatiaig to customers. Of the
respondents who conducted marketing and outreach, most included marketing specific toliovdde
ASHPs, although few brought up National Grid rebates. Messaging for outreach typically centered on
reduced environmental impactsnproved home comfort, dual heating and cooling ability, and energy
and cost savings.

How heat pumps are first introduced to the customer seems to vary widely based on installer
preference and experience. Roughly tivords of the respondents indicated dihthey discussed heat
pumps with customers during initial conversations or during the proposal phase, while others noted
they rarely mention the technology. Of those who do discuss heat gunapighly half noted that they
prioritize discussing wholeome solutions with their customers, while the other half noted prioritizing
zonal heating and cooling options.

During thecontracting process, 5 of the installers interviewssted that they mention the relevant
rebates offered by National Grid. However, o8lgf these installers include the rebates in their price
offerings It is also noteworthy that roughly half of the respondents discuss other financing options,
including the HEAT Loan and proprietary company financing options, with custduararg the
contracting process.

Although only anecdotal, the findings from this component of the installer interviews suggests that
many customers may not be initially presented with the full range of options for technology, incentives
or financing by their installergs recommended by some of the installerddéional outreach and
education targeted toward installers may help facilitate broader awareness of incentives and financing
and help promote more detailed discussions between installers and their customers.
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Distributor Interviews

Cadmus interviewetleat pumpdistributors to better understand what guides their purchasing decision
and what changes they have witnessed in bigat pump narket.

Overview

Throughin-depth phoneinterviews,Cadmugainedvaluableinsightsto the heatpumpmarket Cadmus
hadaninitial goalof performingeightinterviewswith distributorsandinstallersbut wasultimately only
ableto interviewthree individualsfrom two different heat pump distributiorcompanies

Cadmuscontacied over 20 distributers;however,responsaand participation were limitedikely dueto
the COVIBL9 pandemicand the timing of the studyCadmuscontactedmanufacturersanddistributors
servicinghe Rhodelslandmarketand greaterNortheast region Thelist of manufacturerswvasidentified
from prior researchconductedby CadmusGroupand NMRin the region Theinterviewstook placeover
the phoneandwere conductedby Cadmusising interview guides eoreated with NMRCadmus
focused on interviews in the Rhode Island service territory, while NMR focused their efforts in
ConnecticutEachof the 3 interviewslastedbetween30 minutesand 1 hour.

Trends

All of the distributors interviewedindicatedthat there havebeensubstantiaichangego the market
overthe last5 years.Theynoted anincreaseof salesof ASHRwith invertertechnology, andanincrease
in the saleof ccASHPhowever, groundsource heat pumpgaleshavebeenflat. Inregardto ground
source heat pumgales onedistributor saiddGSHRre reallyonly purchasedy the ultimate ‘greerQ
consumeiandthat] the costeffectivenesdor groundsourceheatpumpsjustA a ti€ddiThe
advancementsn air-sourceheat pumpshavecausedhe financialanalysido tilt wayin favor of air-to-
air systemsd ¢

All of the distributorssaidthat they haveseenefficiencyimprovementsfor ASHRN the lastfive yearsin
part dueto the increasen productswith invertertechnologyavailable Oneof the distributorsalso
indicatedthat the physicafootprint of the ASHFhasreducedin size.

ColdClimateStandards

Thecoldclimatestandardswvere discussedn depth with both of the distributors Therewasconsensus
that salesof cold climatemodelshavebeenincreasinglue to the rebatesoffered. Oneof the
distributorsexplainedhow manufactures of heat pumpswill changewhat they makebasedon the
incentivesavailablein the market. Both distributorsalsonoted that the costsare higherfor ccASHP
models

Both of the distributorsdid not think that the cold-climatespecificationshouldbe incorporatedinto
future Rlefficiencyprograms Onedistributor explainedsaid,dTheNEERColdClimate]standardsare

3 Inverterdriven variable speed compressor heat pumps are able to operate at partial capacity depending on the current
heating need of apace, improving efficiency. All cattimate heat pumps are invertetriven systems with variable speed
compressors, but not all invertatriven systems are coldimate heat pumps
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focusedon the wrongobjectives|...] | think we are goingdown the wrong path with the NEEP
standardsp Anotherrespondentnoted that when air sourceheat pumpsare designedo meetthe cold
climatestandardsthey are lessefficientat the more commontemperatures

Market Barriers
Thedistributorsindicatedthat costswere still a major marketbarrier, but alsoindicatedthat there was
alot of confusionin the market Ondistributor hadthisto say.

d think we seea lot of confusionin the market. We would like to seeallittle clarity. We havethe
benefitof handlingmultiple states.Everystate seemso havetheir own spin.| think the utilities
in general,andsomeof the other entities, whetherit be NEEPMassCE®r MassSave have
causedsomeconfusion.We spenda lot of time helpingto educatecontractorsaboutdifferent
state programs We havedevelopedcalculatorsandtoolsto help assisté

Adifferent distributor noted that changego the incentiveprogramswherefrequent, that there islittle
helpfrom the utility, andthat there is no leadtime givenabout new programs.

Market Roleand Interaction

Whenaskedaboutthe role their compary playsin the marketonedistributor saidthat their main
objectiveisto ¢to reduceemissionsandto keepthe consumercomfortableat the lowestoperatingcost
possiblab €

Solarinstallerinterviews

Cadmus interviewed solar installers to better understand what motivates thenveysify their
offerings to include heat pump installations.

Overview

Throughin-depth phoneinterviews CadmusexploredsolarA y & { KFamifiaBtyaRdéhterestin heat
pumps,barriersto diversifyingproductofferings andopportunitiesfor utilities and other marketactors
to supportinstallerswith this productdiversification Cadmusonductedphoneinterviewswith
installersof solarphotovoltaics(PV)systemsn the Rhodelslandmarketor greaterNortheastregion
becauseCadmussoughtto interview severalsolarinstallerswho alsoinstallheat pumps, the sample
neededto includeinstallersbeyondjust the Rhodelslandmarket. Ofthe 13 installersinterviewed seven
installershadsignificantbusinessn statesother than Rhodelsland.Furthermore, Qut of the 13
installersoffered heat pumpsin additionto solar.

Familiaritywith HeatPumpTechnology

Solarinstallersrecognizehe symbioticrelationshipthat existsbetweensolarandheat pump
installatiors and view installingheat pumpsasa logicalbusinessstep. Althougha smallnumberof solar
installersbeganoffering heat pumpsoverten yearsago,severalothersbegandoingsoin the pastfive
years on averagethe interviewedsolarinstallersbeganoffering heat pumpssixyearsago.Most of the
solar installersthat offer heat pumpsreported a strongtechnicalunderstandingof heat pumps,
althoughthree reportedat leastsomelackof understandingabout how this technologyworks.
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Challengesvith Participatingn the HeatPumpMarket
Forsolarinstallerswho alsooffer heat pumps the key challengeghey facefall into three categories
Installerselaboratedon eachchallenge aswell asprovidedpossiblesolutions

Tablel9. Solarinstaller PerceivedBarriersto Heat Pumplnstallations

Challenge Solar Installer Perceptions

Solar installerfoundthat manycustomersRk 2 yb€liéveheat pumpswork aswell asother HVAC

g:zg:zzn technology Additionalcustomerfacingheat pump education,suchasnon-technical readerfriendly
materials,wasone solutionproposedto improvecustomerfamiliarity with heat pumps.

Technical Solar installers noted thataditional battery systemscannotmeet surgesn heatingdemand,in turn

Limitations creatinga challengefor solarand heat pump pairingsthat include storageA publiclyavailablelist of low-
surgesoft-start heat pumpscouldhelpinstallerswith finding compatibletechnology.

Limiting Solgr inst_a!lersloted thatRhgdglslandpoligieslimit the amountof solartypicalIyir_lstalledby plécingimits

Policiesand on incentivized capa.clltynaklnglt challen.glngo |nst§IIenoughsoIarto meetthe hlgherelgctrlcnydemand

Incentives of heatpumps.In additionto reformingthis solarpolicy,solar installers suggested creatibgpaderHVAC

incentives,ncludingfor groundsourceheat pumps.

Reinforcinghe findingsof other marketresearchcustomerknowledgeappearso remainasignificant
barrierto installationandengagementegardlesof the marketplayer.Additionalresearchinto low-
suchsoft-start heat pumpsand other more solarfriendly configurationscouldyield valuableinsightsand
pathwaysfor further industryintegration. Additionally,should policymakerswishto promotethe
packagingf solarand heat pumps,specificconsiderationcould be givento array-sizemaximumsto
accommodateheat pumps.

Impacton BusinesModels

All of the solarinstallerswho offer heat pumpsagreedthat the processof incorporatingheat pumpsin
their businessvaseasy with three contractorssayingthere wasno influenceon their businessnodel
andotherssayingit simplyhelpedthe companywith marketpositioningandbranding;for instance,
installerswere ableto marketthemselvesasbroaderenergymarketexpertsor appealto customers
lookingfor & y B & NaBinges.

Installerswere split on how muchoffering heat pumpsaffectedthe bottom line, with four sayingvery
positivelyandfour sayingnot at all. Whenaskedhow significanta portion of the O 2 Y LJI rgvénOei
heatpumpswere, ésignificang, €20-30%, and énot too bigé eachmadeup aroundonethird of
responses.

With only three installerssayingthey installedheat pumpsin-houserather than usng subcontractors,
only half of installerssaidthey pursuedtrainingrelatedto heat pumps. Mostinstallersdid not seetheir
peersintegratingheat pumpsinto their businessmodels nonethelessall 9 of the installersthat offered
heat pumps aid they will continueinvestingin heat pumps,givencustomerdemand.

Marketingand Outreach
Severof installerswho offer heat pumpsaidtheir marketingwaslimited, evenfor solartechnology.
Many businesseslo not havethe capacityfor concentratedmarketing,or do not feel it necessarylueto
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the highdemandfor solar. Forthe two who saidthey specificallypromote heat pumps,they reported

usingthe companywebsiteasthe primary sourceof promotion. In general,however,installerssaidthe
focuswason havingconversationsith customers sothey are awareof all availabletechnologyandthe
bestsolutionsfor their home,includingheat pumps.Onlytwo of nineinstallerssaidthey everd dzLJ4 S f ¢
existingsolarcustomerswith heatpumpservices.

All'but one of the 9 installersoffering heat pumpgocusedpredominantlyon residentialbuildings,with
the bestsuitedhomesoften beingthosethat haveoil or electricresistanceheating,havehighelectric
costs,areold, or lacka coolingsystem.Theideaof installingheat pumpstypicallyarisesthrough
conversationdetweencustomersandinstallersaboutcomprehensivdhhomeenergysolutions;installers
often conveyseveraheat pump benefits,includinghigh performance provisionof heatingand cooling,
lower operatingcosts reducedenvironmentalimpact,greaterhome comfort and safety, and
advantagedor landlords

Whenaskedwhat utilities and other marketactorscoulddo to help accelerateheir ASHRbusiness,
installersrequested:

Table20. Solarinstaller Requests

Challenge

Installerswould appreciateadditionalin-personandonline education,suchasseminarson heat pumpand
Training solarpairingsandan online portal providingcomprehensiveesourceqe.g.,qualifiedinstallersand

customertestimonials)pertainingto this technology.

Installersrequestedhigherheat pumpincentivesto bringthe technologyto scale.adequateincentivesfor
Incentives compatiblebattery storage,broaderincentivesthat incorporateair-to-water heat pumps,andfewer
andPolicies | restrictionson the kW of solarallowedat residentialbuildingsthat canindirectly discourageneat pump
installations.
Whileinstallerstypicallydo not advertisethemselvesmanyaskedthat utilities continueand expandtheir
marketingandadvertisinginitiativesto raiseawarenesaboutheatpumps,aswell assharemarketing
collateralwith installers.

Marketing
Support

In addition, severalinstallersexpressednterestandwillingnesso work directlywith NationalGridto
discussdeasandtest programsto help advanceheat pumpadoption.

Interestand Barriersfor InstallersNot OfferingHeatPumps

Foursolarinstallersthat Cadmusntervieweddid not offer heat pumps.Althoughthey all reported being
familiarwith the functionalityand benefitsof heat pumps,only two expressednterestin integrating
this technologyinto the O 2 Y LJI pyodugtafferings;similarly,only two installerssaidthey were
interestedin partneringwith subcontractordo installheat pumps.

Installersreported that they had not diversifiedto includeheat pumpsbecauseof insufficientcustomer
demandor wantingto remainfocusedon their specialtyof only solar.Onlyone of the four installerssaid
they provide customerreferralsto fellow contractorsfor HVAGnstallationswith one expressing
concernaboutattachingtheir companyto contractorswith uncertainreputations.

39



CADMUS

Whenprobedaboutfactorsthat mayencouragehe incorporationof heat pumpsinto their business,
installerssuggested:

1 Beingkeptmorewell-informed about heat pumptechnologyandincentives

1 Receivingaledeads,for instanceby havingaccesgo contactinformation collectedthrough
G [ Sa AMBebpageson stateagencyor utility websites

1 Receivingersuasivanaterialson why solarinstallersshouldoffer heat pumps,includingcost
effectivenesstudieson heat pumps

1 Expandéhgincentives suchasfederaltax creditsfor heat pumpsor Rhodelslandspecificrebates
andfinancingoptionsfor solarand heat pump pairings

KeyFindings

Solarinstallershavea significantopportunity to bolsterthe adoptionof heat pumpsby offering
packagednstallationsthat reducehouseholdnet energyconsumption.Todate, thoseinstallerswho
offer both technologiegend to be more whole-homesolutioncompaniesfirms that work in multiple
sectorsof homerenovationto providewholisticsustainabilitysolutions.While the experienceof those
firms who havestartedoffering heat pumpsandexpandingheir businessnodelhasbeenlargely
positive,there are still notablebarriersand concerndor solarinstallersinterestedin the industry.
NationalGridmayhavethe opportunity to provideadditionaltraining, materials,and policyinfluenceto
help craft amore conducivemarketfor pairedsolarand heat pump deploymentin Rhodelsland.
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ScenaridAnalysis

Cadmusin coordinationwith NationalGridandthe Gteam andalignment with an ongoing potential
study led byDunskyEnergyConsultingjdentified 19 buildingtypologiesto serveasthe basisfor the
analysisEachscenariois definedby 6 factors:

91 Buildingtype: singlefamily, multifamily, commercial
Heatpumptechnology:ductlessmini-split, centrallyducted
Application:existingbuilding,new construction buildingaddition
Counterfactuaheatingfuel: oil, electricity,naturalgas,or propane
Counterfactuaheatingsystem:boiler, furnace ,baseboard
Counterfactuatoolingsystem:window AC central AC,no AC

=A =4 =4 4 =4

Leveraginglatafrom the 2018RhodelslandResidentiaAppianceSaturationSurvey(RAS)y NMR,
Cadmusglevelopedallist of eachtypologypresentin the Rhodelslandmarketbasedon buildingtype,
counterfactualheatingequipment,counterfactuaheatingfuel and counterfactualcoolingsystem.Each
typologywasthen linkedwith its correspondingepresentationin the marketaswell asrepresentation
in the correspondingsinglefamily and multifamily subsetsof the market.

Usingthis marketrepresentationdata, a list of the most commonsinglefamily and multi-family
typologieswascompiled,includinglogicalheat pumptechnologyto replaceor supplement
counterfactualheatingand coolingsystemgdthisincludedcentral ASHPsvhere furnaceswere the
counterfactualandductlessheat pumpswhere boilersor baseboardsvere the counterfactual) While
the mostcommontypologiesoften includednatural gasheating,the final list of scenariogieliberately
excludedseveralof thesetypologiesto ensurethe modelingeffort couldfocuson more costeffective
scenarioswhile still representinga significantportion of total residentialbuildingsin Rhodelsland.

TheRASS8atabaseonly coversresidentialscenariosToaccountfor the smallcommerciakegmentof
the study,NationalGridandthe Gteamidentified 3 scenarioghat are commonin the Rhodelsland
marketbasedoff pastresearchln consultationwith NationalGridandthe Gteam, the final list of 19
typologiesnoted in Table28 wascompiledfor modeling.Additionalbuildingparametersjncluding
numberof units per building,unit size,andbuildingage,were subsequentlydefinedusingthe RASSata
for residentialbuildingsand DOEeferencebuildingsfor commercialspacesTheseare identified below
in Table21.

Table21. Market SegmentsSelected

Market #Scenarios| # units per Unit Size | BuildingAge Prototybe Source
Segment Identified building (sq.ft) VCED) vp

Existing50 = RASS018report. Singlefamily definedas

Singlefamil 1550*
ngietamty New:0 singleunit, stand-alonebuilding.
Multifamily 4 8 720 Existing50 RAS?OlSrgport. Multifamily definedas5-
New:0 20-unit building.
Existi D f ildi ith P k
Commercial 3 5 1100 xisting50 OEReferenceBuildingwith Pawtucket

New: none = TMY3.DefinedasDOEsmalloffice building.
* Onesinglefamily scenarioreflectsad o dzA £ R R ¥ @hat B a5sumedo be 169squarefeet basedon RI/ MA averages
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Table22. Scenarios

CounterfactualEquipment MeasureEquipment -

CADMUS

RASRepresentation

Single Famlly
Single Family
Single Family
Single Family
Single Family
Single Family
Multifamily

Single Family
Single Family
Multifamily

Single Family
Multifamily

Single Family
Single Family
Single Family
Multifamily

Commercial
Commercial
Commercial

Existingouilding
New construction
Existingouilding
Existingouilding
Existingouilding
Buildingaddition
New construction
Existingouilding
Existingouilding
Existingouilding
Existingouilding
Existingouilding
Existingouilding
Existingouilding
New construction
Existingouilding
Existingouilding
Existingouilding
Existingouilding

Partial
Full

Partial
Full

Partial
Full

Full

Partial
Partial
Partial
Partial
Partial
Partial
Partial
Full

Partial
Partial
Partial
Partial

GasBoiler
Gasfurnace
OilBoiler
OilBoiler
ElectricBaseboard
ElectricBaseboard
GasFurnace
OilFurnace
OilBoiler
ElectricBaseboard
ElectricBaseboard
GasBoiler
OilBoiler
PropaneFurnace
PropaneFurnace
ElectricBaseboard
OilBoiler
ElectricBaseboard
OilFurnace

WindowAC
CentralAC
WindowAC
WindowAC
WindowAC
WindowAC
CentralAC
CentralAC
CentralAC
WindowAC
NoAC
WindowAC
NoAC
CentralAC
CentralAC
NoAC
WindowAC
WindowAC
CentralAC

CCDMSHP
CentralCCASHP
CCDMSHP
CCDMSHP
CCDMSHP
CCDMSHP
CentralCCASHP
CentralCCASHP
CCDMSHP
CCDMSHP
CCDMSHP
CCDMSHP
CCDMSHP
CentralCCASHP
CentralCCASHP
CCDMSHP
CCDMSHP
CCDMSHP
CentralCCASHP

*Buildingtype representationin the RhodelslandResidentiaApplianceSaturationSurvey
%All:¢ & L2 f répeseationYof all residentialbuildings(SF& MF) basedon counterfactualequipment

%SF¢ &

LJ2 frepese@ationYof just SingleFamilybuildings

Load
(MMBtu/year)
GasBoiler 76.7 13.1
None 355 8.3
QilBoiler 76.7 13.1
None 76.7 13.1
ElectricBaseboard | 76.7 13.1
None 4.6 4.9
None 11.3 4.2
Oil Furnace 68.4 13.1
Oil Boiler 76.7 13.1
ElectricBaseboard | 15.7 2.7
ElectricBaseboard | 76.7 131
GasBoiler 15.7 2.7
QilBoiler 76.7 13.1
PropaneFurnace 68.4 13.1
None 355 8.3
ElectricBaseboard | 15.7 2.7
QilBoiler 28.7 12.1
ElectricBaseboard | 28.7 121
Oil Furnace 28.7 12.1

14%
11%
8%
8%
8%
2%
3%
3%
3%
3%
2%
2%
2%
2%
2%
0%

17%
13%
9%
9%
9%
2%
3%
3%
3%
2%
2%
2%

*Note that the representationof commerciabuildings(#17-19) comesfrom the DOEReferencebuildingfor smalloffice buildingsmodeledusingPawtucketTMY 3data

*Note that the RASS value noted above for typology 6 (building addisanpdified off thevalues for electric baseboard existisimglefamily homes to reflect

assumptions about the number of building additions built in a year.
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Customerand ProgramCostEffectivenes®nalysis
Cadmus analyzed data fromthel & & OKdzaSdda / f SIy pupiSANBarcdHedaty i SN a
PumpRebate Programdatabaseto assess recent price trends in heat pump installations in the region

ApplianceCostAnalysis

Thedatasetincludedover20,000ccASH®that receiveda rebate from MassCE€om 20152019 Figure
21 plotsthe costperton of heating capacitys the date the systemwasinstalled.We seethat thereisa
largevariancein the costsof installedsystemsandaslightincreasen costsovertime.

Figure21. MassCE®.75-3 TonHeatPumplnstalled Costsper Ton (2019 $)
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Aregressioranalysidound statisticallysignificantyearof yearcostincreasedor Central(1.7%)and
Multi-Zone(1.3%)and SingleHead(0.6%)installations.Thesecostincreasesvere supportedby
conversationsvith contractorswho alsonoted risingcosts

Forthis study Cadmudorecastthe costsof heat pumpsinto the future. Theprojectionswere basedon a
logbasedleastsquaresegressiorequationof bestfit, the cost/ton for heat pumpswasprojected
forward through 2024 Figure22 showsthe mediancost perton for multi headASHBfrom 20142019
with projectedcostsfor 2020-2024.
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Figure22. HeatPumpCostProjectionAnalysisper Ton
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It is anticipatedthat multi-zoneinstallatiors will increase$58/ton per year. Singlezoneunits and central
units haveprojectedcostincreasef $22/ton peryearand $71/ton peryearrespectively.

TypologyMeasure& Counterfactuals

Eachbuildingtypologyis analyzedn two & LJ- (i Ké@ todnéerfactualandameasureto asses®ach

i & LI2 fegemyps@vingsThecounterfactualisthe & 6 dz& ksdZ @zAcdnarioand modelsthe
ongoinguseof electricor centralfossilfuel heatingto coverthe full heatingneedsof a building,and
either central,window or no AC.Themeasured LJI {i KoatheSother hand,modelsthe useof an air
sourceheat pumpto either fully or partially replacethe counterfactuaheatingsystemandfully replace
the coolingsystem(or add coolingdependingon the counterfactual).

Asanexample, Typology ls a singlefamily existingbuildingwith a gasboilerandwindow AC.The
counterfactualfor this typologyhasall this sameequipment:a gasboiler andwindow ACto coverthe

full heatingand coolingneedsof the home. Themeasure meanwhile,includesa cold-climateductless
mini-splitheat pumpasa partialheating providerandonly coolingsystem Meanwhile, the typology
retains thegasboiler aspart of theheating systemusing it any time temperatures dip below 50 degrees
Fahrenheit A completelist of thesemeasure/ counterfactualpairscanbe foundin Table23.

Table23. Measure/ CounterfactualPairs

CounterfactualEquipment MeasureEquipment
Backu
. PrimaryHeating Heatlng PrimaryHeating BackupHeating
ExistingGasBoiler None Existing?VindowAC = CCDMSHP ExistingGasBoiler CCDMSHP
2 | NewGasfurnace None NewCentralAC CentralCCASHP | None CentralCCASHP
3 | ExistingOil Boiler None Existing?VindowAC = CCDMSHP ExistingOil Boiler CCDMSHP
4 | ExistingOilBoiler None ExistingvindowAC = CCDMSHP None CCDMSHP
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ExistingElectric Existingglectric

5 N Existi indowAC | CCDMSHP CCDMSHP
Baseboard one xistingVindow Baseboard S

6 New ElectricBaseboard None NewWindowAC CCDMSHP None CCDMSHP

7 New GasFurnace None NewCentralAC CentralCCASHP ' None CentralCCASHP

8 | ExistingOilFurnace None ExistingCentralAC CentralCCASHP  ExistingOilFurnace = CentralCCASHP

9 | ExistingOil Boiler None ExistingCentralAC CCDMSHP ExistingOil Boiler CCDMSHP
ExistingElectric - . ExistingElectric

10 EXstingElectr None | ExistingVindowAC = CCDMSHP XistingElectr CCDMSHP
Baseboard Baseboard

11 Existingelectric None NOAC CCDMSHP Existingelectric CCOMSHP
Baseboard Baseboard

12 | ExistingGasBoiler None ExistingvindowAC ' CCDMSHP ExistingGasBoiler CCDMSHP

13 | ExistingOil Boiler None NoAC CCDMSHP ExistingOil Boiler CCDMSHP

- L ExistingPropane

14 | ExistingPropaneFurnace = None ExistingCentralAC CentralCCASHP Furnac(f P CentralCCASHP

15 ' NewPropaneFurnace None New CentralAC CentralCCASHP | None CentralCCASHP
ExistincElectri ExistinaElectri

16 xistingelectric None NOAC CCDMSHP xistingelectric CCDMSHP
Baseboard Baseboard

17 | ExistingOil Boiler None ExistingVindowAC | CCDMSHP ExistingOil Boiler CCDMSHP
ExistingElectric - . ExistingElectric

1g  ExistinElectrl None  ExistingVindowAC = CCDMSHP XistingElectr CCDMSHP
Baseboard Baseboard

19 | ExistingOil Furnace None ExistingCentralAC CentralCCASHP | ExistingOil Furnace | CentralCCASHP

*Note: ExistingesNewequipmentis designatedo indicatewhetherthe equipmentmodeledis basedon new, codeminimum
standardsor older, lower-efficiencyequipment.All existingbuildingsbeginthe analysiswith existingequipmentin the
counterfactual All heat pumpsareinstallednew at the start of the analysigeriod.

Eachbuildingtypologyis assumedo havea specificheatingand coolingload basedon the propertiesof
the building.Asseen in Table22 above,Cadmusompiledan annualcoolingand heatingloadfor each
buildingusingthe RES1 analysifrom Navigantand DOEreferencebuildingsfor acommercial office
building Usinghourly TMY 3data, theseheatingandcoolingloadsare distributed acrosshe yearbased
on outsidetemperature.

Combininghis temperaturedatawith the switchingtemperaturesidentified in the 2020 Massachusetts
EnergyOptimizationModel, Cadmusdentified the portion of eaché dzA f BrinyaBe@tingandcooling
load coveredby eachpieceof equipmentin the measureand counterfactualpathwayof eachtypology.
Forexample,in the Typology Imeasurepathway,7.6 MMBTUof heatingdemandis met by the cold-
climateductlessmini-split heat pump,while 69.1 MMBTUof heatingdemandis met by the backupgas
boiler. Thegassystemcoversmost of the heatingloadin this casebecausehe temperaturewhere the
occupants are expected to switch paturalgas(for economic reasons3 assumedo be 50 degrees.
This can be compared ypology 3vhere an existing oil boiler Eartially displaced by a heat pumio.
this casethe heat pump covers most of the heating lo@®.1 of 76.7 MMBTWecause the switching
temperature for oil is assumed to be 30 degre&somplete list of switching temperatures by fuel type
can be found irppendix C

Theheatingand coolingloadsare then dividedby the respectiveheatingor coolingS Ij dzA LIY Sy (1 Q&
efficiencyassumptionsForexample,in Typology 1the backupgasboiler hasan efficiencyof 0.8 AFUE,
soisshownto consume86.38MMBTUof naturalgasto meetthe 69.1 MMBT Uof heatingdemandit
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covers.Asummaryof deviceefficienciescanbe foundin Appendix CThisis mademore complexby the
temperaturedependentperformanceof heat pumps.Usingpiecewisdinearregressiongor COPbased
on manufacturer data submitted tdlEFP for the cold-climate ASHperformancespecificationsCadmus
modeledatemperature-dependentCOHor eachtype of ccASHRodeled.Thetotal heatingor cooling
load coveredby the heat pumpisthen dividedby this COHor eachhour of useto identify the total
energyconsumption Detailson this processcanbe foundin Appendix C

Whilethe analysids conductedbasedon measureequipmentlifetime, counterfactualheatingand
coolingequipmentaswell asbackupheatingequipmentis assumedo needreplacementat various
intervalsthroughoutthe analysisTo capturethis nuance severaliterationsof eachtypologypathway
wasmodeledto captureeachpossibleconfigurationof equipment.Thesecounterfactualconfigurations
assumethat, whenone pieceof equipmentdies,a new versionof the sameequipmentwill takeits place
(newoil boiler replacinganold oil boiler). Thekeydifferenceis that the new equipmentis assumedo

be slightlymore efficient than its older counterpart.Fornew constructionbuildings the analysis
assumedhat the newversionof eachequipmenttype is installedfrom the beginning A summaryof the
new and existingequipmentdetailscanbe foundin Appendix C

We derivedannualfuel andenergysavingsy comparingneasureand counterfactuasystems for each
typology and determine@nergysavingsoverthe period of analysisr lifetime of the equipment.A
summaryof first-yearenergyconsumptionfor both measureand counterfactualpathwayscanbe found
in Table25 andfirst-yearenergysavinganbe found in Table24.
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Theinitial typologyanalysishighlightsseveralof the key patternsthat underpinthe costeffectivenes®f the analyzedscenarios.

Firstandforemost,evenwhenaddingcooling,displacinghe useof electricbaseboard¢Typolaies 5 6, 10, 1Jand 16 resultsin significant

electricitysavingsinterestingly asillustratedin Typologies 1 and 16 evenwheninstallinga heatpumpin a homewhereno AChad existed

previously electricityusein the measureis significantlylower than the counterfactualbecauseof the replacementof the baseboarcheater.
Firstyearenergysavingsanbe found in Table24, while the specificmeasureand counterfactualconsumptioncanbe foundin Table25.

Table24. FirstYear Energy Consumption Differences

Fuel& EnergyDifference

D[ Buldng | MeaswePatway | CounteriacwaPatway |
1 | SPKPartial Disp. CCDMSHP ExistingGasBoiler ExistingGasBoiler ExistingVindowAC
2 | SF Full Disp. CentralCCASHP = None NewGasFurnace New CentralAC
3 | SF Partial Disp. = CCDMSHP ExistingOil Boiler ExistingOil Boiler ExistingVindowAC
4 SF Full Disp. CCDMSHP None ExistingOil Boiler ExistingVindowAC
5 SF Partial Disp. = CCDMSHP Existingelectrichaseboard | Existingelectricbaseboard = ExistingVindowAC
6 | SF Full Disp. CCDMSHP None New Electrichaseboard NewWindowAC
7 MF Full Disp. CentralCCASHP = None NewGasFurnace New CentralAC
8 | SF PartidDisp. CentralASHP ExistingOil Furnace ExistingOil Furnace ExistingCentralAC
9 | SF Partial Disp. = CCDMSHP ExistingOil Boiler ExistingOil Boiler ExistingCentralAC
10 | MF Partial Disp. = CCDMSHP ExistingElectrichaseboard = Existinglectricbaseboard = ExistingindowAC
11 | SF Partial Disp. = CCDMSHP ExistingElectricbhaseboard | ExistingElectricbaseboard = NoAC
12 | MF Partial Disp. = CCDMSHP ExistingGasBoiler ExistingGasBoiler ExistingVindowAC
13 | SF Partial Disp. | CCDMSHP ExistingOil Boiler ExistingOil Boiler NoAC
14 | SF Partial Disp. | CentralASHP ExistingPropaneFurnace | ExistingPropaneFurnace | ExistingCentralAC
15 | SF Full Disp. CentralCCASHP = None New PropaneFurnace New CentralAC
16 | MF Partial Disp. = CCDMSHP Existingelectricbaseboard = Existingelectricbaseboard = NoAC
17 | Com Partial Disp.. CCDMSHP ExistingOil Boiler ExistingOil Boiler ExistingVindowAC
18 @ Com Partial Disp.. CCDMSHP Existingelectrichaseboard | Existingglectricbaseboard = ExistingVindowAC
19 | Com Partial Disp., CentralASHP ExistingOil Furnace ExistingOil Furnace ExistingCentralAC
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0.00
0.00
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-1.94
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0.00
0.00
0.00
0.00
0.00
0.00

0.00 0.00
0.00 0.00
-64.18 0.00
-91.31 0.00
0.00 0.00
0.00 0.00
0.00 0.00
-55.02 0.00
-64.18 0.00
0.00 0.00
0.00 0.00
0.00 0.00
-64.18 0.00
0.00 -82.49
0.00 -41.76
0.00 0.00
-24.00 0.00
0.00 0.00
-23.07 0.00

Note: Calculation@nd methodscanbe found inAppendix CNegativevaluesindicatesavinggmeasureconsumedessthan counterfactual).
SF: Singkamily. MF: Multifamily. Com: Commercial. Partial DiBartial Displacement. Full Disp.: Full Displacement.

-305.14
4,173.17
3,541.21
7,673.09

-13,999.96
-1,034.43
1,508.67
3,783.64
3,495.34
-2,870.75
-12,444.43
-67.23
5,096.74
6,327.80
4,173.17
-2,550.96
845.35
-5,709.50
1,310.79
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Table25. Measure/ CounterfactualFirstYearEnergyConsumptionLevels

| Buidng | WeaswePatway | CountedacuaPatway |
Natural Gas . Propane Electricit Natural Gas \ Propane Electricit
1 SF Partial Disp 86.38 0.00 0.00 1304.08 95.88 0.00 0.00 1609.22
2 SF Full Disp 0.00 0.00 0.00 5207.83 41.76 0.00 0.00 1034.66
3 SF Partial Disg 0.00 38.09 0.00 5159.42 0.00 102.27 0.00 1618.21
4 SF Full Disp 0.00 0.00 0.00 8908.46 0.00 91.31 0.00 1235.37
5 SF Partial Disp 0.00 0.00 0.00 10034.12 0.00 0.00 0.00 24034.08
6 SF Full Disp 0.00 0.00 0.00 753.25 0.00 0.00 0.00 1787.68
7 MF Full Disp. 0.00 0.00 0.00 2230.25 13.33 0.00 0.00 721.58
8 SF Partial Disp 0.00 32.67 0.00 5487.12 0.00 87.69 0.00 1703.48
9 SF Partial Disp 0.00 38.09 0.00 5159.42 0.00 102.27 0.00 1664.08
10 MF Partial Disp. 0.00 0.00 0.00 2057.58 0.00 0.00 0.00 4928.33
11 SF Partial Disp 0.00 0.00 0.00 10034.12 0.00 0.00 0.00 22478.55
12 MF Partial Disp. 1772 0.00 0.00 306.24 19.66 0.00 0.00 373.47
13 SF Partial Disp 0.00 38.09 0.00 5159.42 0.00 102.27 0.00 62.68
14 SF PartiaDisp. 0.00 0.00 8.71 8031.28 0.00 0.00 91.20 1703.48
15 SF Full Disp 0.00 0.00 0.00 5207.83 0.00 0.00 41.76 1034.66
16 MF Partial Disp. 0.00 0.00 0.00 2057.58 0.00 0.00 0.00 4608.54
17 Com Partial Disp 0.00 14.24 0.00 2315.37 0.00 38.24 0.00 1470.02
18 Com Partial Disp 0.00 0.00 0.00 4135.82 0.00 0.00 0.00 9845.32
19 Com Partial Disp 0.00 13.70 0.00 2991.15 0.00 36.77 0.00 1680.36

Note: Calculations and methods can be foundppendix CNegative values indicate savings (measure consumes less than counterfactual).
SFSinglefamily. MF: Multifamily. Com: Commercial. Partial Disp.: Partial Displacement. Full Disp.: FudeBispta

Looking at Typologies 3 and 4, it is worth noting that the heat pump in Typology 4, which is fully replacing an oédpailes, more than twice
the electricity compared to a heat pump that is partially displacing an oil boiler (as in Typology &) diikio the relatively low switching
temperature for oil (30 degrees F) in the partial displacement typology. Although less than half of the heating degreé &gaes are under
30 degrees F, covering heating degree hours below that switching tertyperrequires more electricity per hour to meet heating demand,
thereby increasing electricity consumption to cover the heating for thesetémmperature times.
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Notethat Typology 1, while usingsimilarequipmentto Typology 0, usesmoretotal energyin both the
counterfactualandmeasure Thisis dueto Typology 1 modelinga singlefamily homewith about5
timesthe heatingand coolingdemand,while Typology 0 reflectsa multifamily unit. Thisalsoresultsin
Typology 1 reflectinga higherenergysavinggdue tothe highercounterfactualenergyuse.

Over the course of the analysisgrious pieces of heating and coolieguipment in both the measure
and counterfactual reach the end tifeir useful life andheedto be replaed In most casest is
assumed thahewlyinstalled equipments slightly more efficienthan theequipmentit replacesFor
example, an existingentral AChasa SEER of 10. When it needs to be replaced, a new central AC is
installed with a SEER of (SeeAppendix B Thischanges the annual energy consumptiandtherefore
changes the difference in energy consumption between the measure and counterfacibéd26
illustrates the lifetime energy consumption differences for each tygpaccounting for these changes

Table26. Lifetime EnergyConsumpion Difference

Measure Fuel& EnergyDifference

Typology e
Lifetime
i Years Gas(MMBTU) Oil (MMBTU) | Propane(MMBTU) | Electricity (kwh)

1 18 -169.04 0.00 0.00 250.18
2 17 -710.00 0.00 0.00 70,943.85
3 18 0.00 -1,100.09 0.00 69,484.41
4 18 0.00 -1,643.57 0.00 138,115.57
5 18 0.00 0.00 0.00 -246,256.64
6 18 0.00 0.00 0.00 -18,619.70
7 17 -226.60 0.00 0.00 25,647.38
8 17 0.00 -898.99 0.00 67,942.10
9 18 0.00 -1,100.09 0.00 66,838.00
10 18 0.00 0.00 0.00 -50,492.88
11 18 0.00 0.00 0.00 -223,999.69
12 18 -34.67 0.00 0.00 -29.58
13 18 0.00 -1,100.09 0.00 91,741.36
14 17 0.00 0.00 -1,295.52 111,192.75
15 17 0.00 0.00 -710.00 70,943.85
16 18 0.00 0.00 0.00 -45,917.31
17 18 0.00 -411.31 0.00 20,535.40
18 18 0.00 0.00 0.00 -97,451.86
19 17 0.00 -376.91 0.00 25,636.60

Note: Becausef the lifetime of equipment,valuesreflect the replacementof expiredequipmentafter their RULandis not
equalto 17 or 1& 1-yearsavingsMethodologycanbe foundin Appendix C

CostEffectivenesénalysis
The cost effectiveness analysis for this study was broken into two components: customer cost savings,
and utility cost effectiveness.
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Approach
Thesecomponentsare analyzedunder5 distinct scenariosmodelingdifferent combinationsof highand
low incentves,andhigheror lower equipmentpricetrends (seeTable27).

Basedon the costanalysiddescribedpreviously the high costscenarioreflectscurrent pricetrends,

where heat pump costsare steadilyincreasingpvertime at different ratesbasedon configuration.The
low-costscenariojn turn, reflectspricetrends1.23percentagepoints below currenttrends (meaning

somepricesare decreasingandothersareincreasingput more slowly).This represents a 5% decrease

in prices from 2020 through 2024hich was deemed to be reasonable given prior modeling experience

¢2 YFAYGlIAy O2yaraiaSyid y2YSyOflddaNBX (GKS aOSyl NA 2
LINA OS¢ gKAES (GK2aS NBTFt SOUA Y TrhdinceNiBeedzlS,Bdanwbish OS | NB
are basedon current offeringsfrom MassSave These incentiveslependon the fuel beingreplaced,and

whetherthe buildingis a new or existingstructure. Thelow incentivescenariomatchesthe incentives

from MassSavewhile the highincentivescenarioreflectsa 40%increasen incentives.Thisallowed for

clean incentive values while providing a noticeable distinction in incentive effects.

Table27. CostEffectivenessScenarios

. ExistingNon-Gas o New SingleFamil New Multi-Famil
Scenario Component g ExistingGasHome g y 4
Home Home Home

Incentive$/ ton Incentive$/ ton Incentive$/ unit Incentive$/ unit

i PriceTend 0%Changeelativeto currenttrends

Baseline .
Incentive $0.00 $0.00 $0.00 $0.00

LowIncentive/ PriceTend 0%Changeelativeto currenttrends
HighPrice Incentive $1,250.00 $250.00 $2,000.00 $1,000.00
HighIncentive/ PriceTend 0%Changeelativeto currenttrends
HighPrice Incentive $1,750.00 $350.00 $2,800.00 $1,400.00
LowIncentive/ PriceTend -1.23% Changeelativeto currenttrends
LowPrice Incentive $1,250.00 $250.00 $2,000.00 $1,000.00
Highlncentive/ PriceTend -1.23%Changeelativeto currenttrends
LowPrice Incentive $1,750.00 $350.00 $2,800.00 $1,400.00

Benchmarked off the Mass Save program incentives, the incentives used here reflect a slightly different
patternthan those noted in the Willingness to Pay portion of this stiilyhe WTP survey the

incentives for wholehome ductless mirsplit systems naged from $1600 to $,000 fora $16,000

system. While the permutations used in this portion of the analysis reflect a range of sizes, the average
whole-home incentive is for a DMSHP is roudb8y500 under the lowncentive scenarios, and $4,900
under thehightincentive scenarioslhis same pattern holds for central heat pumps and partial
displacement installs, with the incentives used in this part of the analysis averaging be3@48f0 of

the installed cost, with notable variability based on the specifics of the scerasiommary of the

modeled total incentives and heat pump installeasts can be found iAppendix E

The customer cost savings analyeisls the lifetime energy cost savings for each typolegy
subtracts total installed cost& summary of lifetime customer cost savings for each of the 19 typologies
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under each of the 5 scenarios can be foundable28. A summary of the customer lifetime castvings
calculation methodology can be foundAppendix C

The program cosgffectiveness analysis follows the guidelines of the Rhode Island Test: a modified tota
resource cost test. Using inputs from the 2020 RI Electric BCR Model, this test accounted for utility costs
and a range of utility and societal benefits including consumption savings to water savingspknock
electricity price effects, G®abatement, & well as several unique factors for economic development

and nonenergy benefits. A complete list of Rhode Island test factors can be foukmbendix GA

typology with a cost effectiveness ratio greater than 1 is demonstrated to provide net benefits worth
greater than $1 for each $1 of program investment and is therefore considered cost effective. A
summary of utility cost effectiveness figures for each of théypdlogies and five scenarios can be

found inTable29.

Table28. Lifetime CustomerCostSavings

Tvoolo Baseline Low Incentive/ HighIncentive/ Low Incentive/ HighlIncentive/
ypology HighPrice HighPrice LowPrice LowPrice

Lifetime-year NPV$ Savings

1 ($6,788.47) ($6,163.47) ($5,913.47) ($6,163.47) ($5,913.47)
2 ($7,274.77) ($5,274.77) ($4,474.77) ($5,274.77) ($4,474.77)
3 ($1,047.46) $2,077.54 $3,327.54 $2,077.54 $3,327.54
4 ($7,571.01) ($2,571.01) ($571.01) ($2,571.01) ($571.01)
5 $43,657.69 $46,782.69 $48,032.69 $46,782.69 $48,032.69
6 $674.04 $2,674.04 $3,474.04 $2,674.04 $3,474.04
7 ($447.15) $552.85 $952.85 $552.85 $952.85
8 $274.81 $3,399.81 $4,649.81 $3,399.81 $4,649.81
9 $7,817.74 $10,942.74 $12,192.74 $10,942.74 $12,192.74
10 $6,368.39 $8,243.39 $8,993.39 $8,243.39 $8,993.39
11 $38,415.56 $41,540.56 $42,790.56 $41,540.56 $42,790.56
12 ($3,957.89) ($3,582.89) ($3,432.89) ($3,582.89) ($3,432.89)
13 ($6,289.60) ($3,164.60) ($1,914.60) ($3,164.60) ($1,914.60)
14 $16,058.18 $19,183.18 $20,433.18 $19,183.18 $20,433.18
15 $4,899.10 $6,899.10 $7,699.10 $6,899.10 $7,699.10
16 $5,025.06 $6,900.06 $7,650.06 $6,900.06 $7,650.06
17 ($11,732.23) ($5,334.00) ($2,774.71) ($5,334.00) ($2,774.71)
18 ($457.68) $5,940.55 $8,499.84 $5,940.55 $8,499.84
19 ($6,570.58) ($172.35) $2,386.94 ($172.35) $2,386.94

Table29. ProgramCostEffectiveness

Tvoolo Baseline LowIncentive/ Highlncentive/ LowIncentive/ HighlIncentive/
ypology HighPrice HighPrice Low Price Low Price

Lifetime-year NPV$ Savings
1 0.27 0.93 0.98 0.93 0.98
2 -6.54 0.69 0.81 0.69 0.81
3 76.58 5.11 4.01 5.11 4.01
4 91.56 4.52 3.57 4.52 3.57
5 76.5 5.1 4.01 5.1 4.01
6 141 1.13 1.13 1.13 1.13
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7 5.07 1.56 1.45 1.56 1.45
8 81.47 5.38 4.21 5.38 421
9 100.72 6.38 4.94 6.38 4.94
10 17.01 2.27 1.96 2.27 1.96
11 53.08 3.86 3.11 3.86 3.11
12 1.41 1.2 1.18 1.2 1.18
13 53.16 3.87 3.11 3.87 3.11
14 134.34 8.18 6.24 8.18 6.24
15 57.39 4.37 3.48 4.37 3.48
16 3.06 1.26 1.22 1.26 1.22
17 47.48 2.55 2.15 2.55 2.15
18 96.29 4.06 3.24 4.06 3.24
19 30.39 2.04 1.78 2.04 1.78

BaselineScenariaCostEffectiveness

Thebaselinescenarios designedo assesgosteffectivenesaindera norn-interventionassumption.This
meansthat there are no assumedncentives,andno changego heat pump price trendsT histherefore
revealsthe customerand programcosteffectivenesshouldprogramadministratorsand policymakers
to takeno actionat all.

It isimmediatelyapparentthat, from the customerstandpoint,a narrowmajority of typologiesanalyzed
in thisreport are not costeffectivewithout incentivesor pricechangesAsseenin Table28, 10 of the 19
typologiesreflect negativelifetime customersavinggnet lifetime costs),with two additionaltypologies
reflectingonly minimallifetime savings Typology &full displacement of an electric baseboard and
window Adn a single family hous@nd Typology 8fartial displacement o&n existing oil furnacand
central AC with a adral heat pump in a single family hoysblotably, Typology Sand 11 (both partial
displacement of existing electric baseboard heat highly costeffective,savingcustomersover
$38,0000verthe lifetime of the equipment Thesetypologiesmaytherefore not require extensive
financialincentivesto drive installation,asthe customersideeconomicsare alreadyvery positive
without anyintervention. Additionally, each of thether electric baseboard typologies,(10and 16)
realize lifetime cu®mer cost savings without any incentivédeanwhile, as expectedypologies
displacing natural gas heating do not realize lifetime cost savings

Programcosteffectivenesainderthe baselinescenaricassumeso incentivesare distributed by the

utility but doesincludesomesmallprogramadministrationcoststo accommodateaccountingand
reporting.By not providing any incentives, per unit program costs are very low, which explains why
many of the cost effectiveness figures under the baselineate appear exaggerateéfroma program
standpoint,both Typology 5and 11 are consideredquite costeffective,at 76.5and53.08respectively.
However they are not the most costeffectivetypologiesunderthe baselinescenario Asindicatedin

Table29, Typology @and 14 are consideredthe most costeffectivescenariosTypologyd models the
installation of a 2.5on CC DMSHP to patrtially displace the heatiihgn oil boiler in an existing family
home, while Scenario 14 reflects the installation of a central ASHP to partially displace the heating from
a propane furnace in an existing family harsthe other end,only Typologies lnd 2 are shownto
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be highlycostineffectiveunderthe baselinescenario Bothreflect the replacementof gassystemsand
are predictablynot likelyto incurthe utility or socialbenefitsof the other typologies.

LowlIncentive/ HighPriceScenariaCostEffectiveness
TheLowIncentive/ HighPricescenarios designedo reflect 2020MassSaveincentivelevelsand
current price trendgor heatpumps.

Fromthe customerstandpoint,the addition of incentivesresultsin 12 of the 19 typologiesreflecting
lifetime customersavingsTypologies 37 and 18 become coskeffective to the customerasseenin
Table28. Thesethree typologiesreflect awide rangeof installationsituations,includingnatural gas
furnace(Typology7), oil boiler (Typology 3)andelectricbaseboard Typology 18kounterfactualheat,
andall three typesof buildings(singlefamily, multifamily and commercialVhile noneof the buildings
are highlycustomercostefficientunderthis scenariotheir changefrom the baselinescenarioreiterates
the valueof incentivesin driving customercosteffectivenessacrosshe market.

Whileadding incentives increas@sogram cost8 NB RdzOA y 3 @sétaiféctivénésslatiothed & Q &
samepattern of costeffectivenessemains Typology 1 (partial displacement of a gas boiler with a
ccDMSHP in a single family horaey 2 (full displacement o& gas furnacevith acentral ASHih a

single family homedre not costeffective,while Typologies 9partial displacement ofraoil boiler with a
ccDMSHP in singlefamily homég and 14 (partial displacement of a propane furnace with a central

ASHP in a single family honaeg the mostcosteffective,andall other typologiespassthe cost
effectivenesghreshold(>1).

Notably,multifamily typologiesappearmore likely than singlefamily typologiesto havelower cost
effectivenesdigures For exampleTypology 12 (partial displacementf a gas boiler with acDMSH

a multifamily unit)and Typology16 (partial displacement ofraelectric baseboard with a central
ccDMSHP) both have cost effectiveness figures uRdEnismaybe attributable to the lower total
energyconsumptionof eachmultifamily unit, andtherefore the lower potential for net energysavings
from a heat pumpinstallation.This is reinforced by the findings for Typology 6 which represents the
installation of a heat pump in a small new building additi®he lower potential for energy savings due
to low counterfactual energy consumption means that program cost effectiveness figures for smaller
structures with lower heating and cooling demand will remain lower compared to diagidy homes.

Highlncertive / HighPriceScenariadCostEffectiveness
Thehighincentive, high-price scenarias designedo modelcurrentpricetrendsfor heat pumps,while
increasingncentives to levelghat are 40%higherthan 2020MassSaveofferings.

Fromthe customerstandpoint,all of the typologies that are cost effective under the lower incentive
level remain cost effective.rly Typology @ (partial displacement of an oil furnace with a central ASHP
in a commercial buildinggwitches from a lifetime los®tlifetime cost savingat the higher incentive

level Thissuggestdhat, while increasedncentivesclearlyenablethe customereconomicgo look
favorablefor a broadersegmentof the market,evena 40%increase irincentivesdoesnot significantly
alter the economiclandscapdor manycustomers.
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Fromthe programstandpoint,the samepattern remainsin placewith the higherincentives although
individual cost effectiveness figures are reducsseenin Table29, all three commerciakypologies
are consideredcosteffective,and multifamily installationsremain narrowlycosteffective.

LowlIncentive/ LowPriceScenaridCostEffectiveness
TheLowIncentive/ LowPricescenarios designedo reflect2020MassSavencentivelevelsand heat
pump prices that are below current trends.

Fromthe customerstandpoint,the LowIncentivescenariosare the sameregardlesf the price
scenario.Thisis becausecosteffectivenesss modeledoff afirst-yearinstallationreflecting2020cost
assumptionsWhenthe installationis assumedo occurin the future, cost savings are modestly
impacted thoughthe samepatternsof costeffedivenessarise.Asillustratedin Table30, assumingan
installdate 2 yearsin the future doeschangethe customersavings, but the same typologies remain cost
effective as in the 2020 installation scenaotably typologes5 and 11(both variations orpartial
displacement of electric baseboard heat with a ccDMSHP in a-$amily home, reflect the scenarios
with the highest customer cost savingsd bothsee a sizeable drop in lifetime cost savinfsis change,
however, represents less than a 2% change in lifetime cost saviwgr a longer term of analysis,
differences in equipment costs may have greater impacts oneffsttiveness.

Aswith customercosteffectivenessprogram cost effectivenedguresare altered basedon installation
yearassumptionsasseenin Table31. Over time, the discount and inflatiaratesincluded in the Rhode
Island test adjust the cost and benefit valuesd in the testinterestingly,Typologies 56, 10, 1116
and 18each see arop in program cost effectiveness after two years. Each of these typologies are
displacing electric baseboard heaitMeanwhile the majority of fossiuel displacement typologiesee
consistent, albeit small, increases in program afftctiveness ovetime.

Highlncentive/ LowPriceScenariaCostEffectiveness
TheHighlincentive Low-price scenariois designedo reflectthe maximumreasonablenterventionin
supportof heat pump adoptionwith the greatestpotential for heat pump costeffectiveness.

Forboth Customerand Programcosteffectivenessthe costeffectivenesgatternsin the High/ Low
scenariareflectthosein the other Highincentivescenariosvhenthe installationdate isassumedo be
2020.Thesamepatternsof costeffectivenessare alsomaintainedin the shortterm. Ascanbe seenin
Table30, the specificvalueschange put the patternsremainthe same:Typology Jand 11 (both partial
displacement of electric baseboard heat in single family homesthe mostcosteffective,and
Typology 9 (partial displacement of an oil furnace with a central ASHP in a commercial spaicky)
costeffectivewith highincentivelevels.The samepattern arisesfor programcosteffectiveness,
regardlesof pricetrendsin the short-term. AsTable31 illustrates,within a giveninstallyear,program
costeffectivenesss only significantlyimpactedby installationincentives This generally highlights the
minimal impact of the small (1.23% annual) price difference used in these models, suggesting that
modeling more significant price differer&enay result in more noticeable differences in cost
effectiveness over time.

54



CADMUS

Table30. Difference inCustomerLifetime CostSavingdetween 2022and 2020 Installation

Tvpolo Baseline LowIncentive/ Highlncentive/ LowIncentive/ HighlIncentive/
ypology HighPrice HighPrice Low Price Low Price

Difference inLifetime-year NPV$ Savings

1 ($27.57) ($44.25) ($50.92) $177.98 $171.31
2 ($296.40) ($349.76) ($371.11) $22.89 $1.54

3 $83.94 $0.56 ($32.80) $222.79 $189.43
4 $192.80 $59.38 $6.02 $434.20 $380.83
5 ($1,064.94) ($1,148.32) ($1,181.67) ($926.09) ($959.44)
6 ($113.46) ($166.83) ($188.17) ($52.73) ($74.07)
7 ($311.93) ($338.61) ($349.28) ($90.17) ($100.85)
8 ($207.13) ($290.51) ($323.86) ($1.44) ($34.79)
9 ($148.98) ($232.37) ($265.72) ($10.13) ($43.49)
10 ($222.00) ($272.03) ($292.04) ($157.93) ($177.94)
11 ($955.48) ($1,038.86) ($1,072.22) ($816.63) ($849.99)
12 ($9.64) ($19.65) ($23.65) $94.45 $90.45

13 $193.40 $110.02 $76.67 $332.25 $298.90
14 $41.37 ($42.01) ($75.36) $247.06 $213.71
15 ($200.49) ($253.85) ($275.20) $118.80 $97.45

16 ($192.40) ($242.43) ($262.45) ($128.33) ($148.35)
17 ($110.54) ($281.26) ($349.54) $169.17 $100.89
18 ($365.28) ($536.00) ($604.29) ($85.57) ($153.86)
19 ($648.25) ($818.97) ($887.26) ($227.12) ($295.40)

Table31. Difference inProgramCostEffectivenesdetween 2022 and 2020 Installation

Tvpolo Baseline LowIncentive/ Highlncentive/ LowIncentive/ HighlIncentive/
ypology HighPrice HighPrice LowPrice LowPrice

Lifetime-year NPV$ Savings

1 -0.13 -0.03 -0.03 -0.03 -0.03
2 1.9 0.11 0.08 0.11 0.08
3 3.47 0.18 0.13 0.18 0.13
4 5.93 0.22 0.16 0.22 0.16
5 -7.71 -0.4 -0.3 -0.4 -0.3
6 -0.63 -0.03 -0.03 -0.03 -0.03
7 0.79 0.09 0.06 0.09 0.06
8 5.83 0.31 0.23 0.31 0.23
9 5.85 0.31 0.22 0.31 0.22
10 -1.56 -0.11 -0.09 -0.11 -0.09
11 -7.4 -0.39 -0.28 -0.39 -0.28
12 -0.01 0 0 0 0
13 3.79 0.2 0.15 0.2 0.15
14 7.94 0.42 0.3 0.42 0.3
15 3.2 0.18 0.14 0.18 0.14
16 -1.62 -0.12 -0.09 -0.12 -0.09
17 1.94 0.06 0.04 0.06 0.04
18 -3.35 -0.1 -0.08 -0.1 -0.08
19 6.29 0.19 0.14 0.19 0.14
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become aware of new technology. Cadmus utilized a standardized approach incorporating historical
adoption data and willingness to pay to model technology adwpto predict the number of heat
pumps installed between 2020 and 2024 under each of the 5 scenarios.

Methodology

To project the adoption of coldlimate heat pumps for National Grid, Cadmus followed a standardized
process of baselining future projectiottshistorical rebate data and willingness to pay data and
leveraging the resulting model to project future trends.

The analysis begins by designing aufve model that reflects a line of best fit for the historical rebate
data. The shape of the@irvespecifically reflects the initially low rate of adoption as new technology
enters the market, followed by more rapid uptake as familiarity with the technology increases and
market conditions push further adoption. SEgure23 for some familiar examples.

Figure23. Example Technology Adoption@urves in the US
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To ensure that the-8urve reflect the specific market conditions and customer awareness levels of the
Rhode Island Market, Cadmus develops thmifye as a line of best fit for historical rebate data. This
data includes two critical pieces for thec8rve the number of unique households installing heat pumps
each year, and the percent of installed costs covered by rebates é®e32 and Table33 for details).
These are split out into rebates for central heat pumps and rebates for ductless heat pumps to provide
additional granularity for the analysis. This data is incorporated ititwezof best fit using a logistic

model as described iBquationl.
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Equationl. SCurveAdoption Model Formula
06 @YD
p Q

Where:
f(x) =Annual adoption of heat pump (as a percent of possible customers) in year X.
X = Adoption year.
WTP =Willingness to pay factor, varying by historical rebate, or modeled rebate values
k=The logistic growth rate of theaurve
Xo =The scurve midpoint year

By using historical rebate data to create a line of best fit, the resulting model incorporates existing
market trends, heat pump awareness and the relative responsiveness of the n@aikeentives. Using
annual heat pump installations€¢eTable32) along with regional market share data specific to
residentiat and commercidlbuildings, and th@umber of National Grid customer accounts for 2011 to
2018, an annual saturation of central and ductless heat pump was established for each sector. This
equates tof(x) in Equationl.

Table32. Heat Pump Rebates by Year & Configuration

Configuration 2011 2012 2013 2014 2015 2016 2017 2018
Central 95 27 51 37 25 29 106 19
Ductless 441 499 600 630 657 934 676 561

Source: Rhode Island Heat PuRgbate Data

The other major factor noted iquationl is theWTPfactor. In establishing the line of best fit, Cadmus
used historical rebate data on theercent of installed cost covered by rebafes each yea(see Table
33). Formatting the rebate data in this way enables it to be directly compared tolale collected from
the willingness to pay survey conducted as part of this study.

Table33. Average Percent of Installed Price Covered by Incentive

Configuration 2011 2012 2013 2014 2015 2016 2017 2018
Central 4.24% 3.11% 4.39% 4.81% 5.31% 4.23% 4.44% 2.79%
Ductless 12.66%  10.49%  7.45% 7.30% 8.36% 7.86% 3.43% 3.03%

Source: Rhode Island Heat Pump Rebate Data

Thishistoricaldata is combined with the results of the willingness to pay survey discussed earlier in this

study to create the WTP factors for the line of bestTit. nake the willingness to pay survey results

useful for this analysis, each response was assigned a®iéema t A | St A ki@ exprésfed dsy a G | f f
a percentage likelihood to instalheat pumpTable34).

4 NMR,a wS a A RgphaidcaShtbration{ dzNIINVEIR@ansultingnc.2018
5 US.El&/ 2 Y Y SBNildirgErfergyConsumptiorSurveyb 9 ®IA2012
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Table34. Likelihoodto Install

DeemedLikelihoodto Install

G+ §NiBl St e ¢ 75%
a{2YSpKL Bt e 50%
dbdap] A1 St ¢ 25%
GbathI[ A1 St &¢ 0%
65 2 YR & ¢ Excluded

TheWTPsurveywasstructuredsuchthat incentiveswere offered at definedpercentage®f the
assumedcostof a system Byassigning each response its corresponding value describEabie34, it is
possible to find thewveragdikelihoodof installationamong surveyarticipants at eaclncentive level.
(seeTable35for details.)

Table35. Willingnessto PaySurveyAdoption PercentageResults

Install 0% 12.5% 25% 50%
SampleGroup SystemType . : . .
Type Incentive Incentive Incentive Incentive

ResDelivered Ductlesamini-split heat pump Partial 17.4% 30.8% 39.1% 47.8%
ResDelivered Ductlesamini-split heat pump Full 22.6% 33.4% 39.6% 53.1%
ResDelivered Ductedair sourceheatpump Partial 4.4% 21.7% 29.5% 51.3%
ResDelivered Ductedair sourceheatpump Full 13.7% 16.3% 27.0% 56.0%
ResElectric Ductlesamini-split heat pump Partial 26.9% 37.5% 41.0% 45.3%

By plottingthe historical rebate percentage data along the scale from 0% to 50% notebia35, it is
possible to identify the estimated WTP factor é@ch year from 2011 to 48.° Note thatdifferent WTP
values are highlighted ihable35 for different heat pump installation scenarios.€decorrespond with
the relevant factors for each of the 19 permutations used in the cost effectiveness assessment.

When plotted as a line dfest fit using the logistic curve model from Equation 1, these factors create a
model that enables forward projection of heat pump adoption for each of the 5 scenarios described
previouslyin Table27. Note that, because the commercial willingnégsgpay survey could not be
completed dugo Covi-19, the commerciabestfit Scurvescould not be created

Projections

To apply the £urves to each of the 19 permutatioitkentified in this study, a stock projection model

was developed to identify the achievable installations for each permutation. Cadmus combined various
datasets into its stock projection model to estimate the achievable installations overZIZ2Dstudy
horizon As shownn Figure24, Cadnus started with NationalGridQ 2019residentialand small

5 The willingness to pay study surveyed exclusively customers with sorexisteng familiarity with heat pump
technology. Similarly, it is assumed that some level of familiarity with heat pumps is a precondition to
adoption. As time progresses, the shagfahe Scurve assumes an increase in heat pump awareness across the
market, driving some of the increase in adoption over time.
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commerciakustomeraccountsand projected the Rhock Islandnew constructionaccountsusing
historicaldatausingElAdatato determinethe total eligiblecustomeraccounts’ Cadmughen usedthe
2018RIResidentiaApplianceSaturationSurveyto determinethe applicableequipmentstockfor each
configuration.Applingmeasurelife assumptiondy eachconfiguration,the baselineannualequipment
turnovervalueswere determined.Cadmus usetheasurelevel consumptiondata (from the Typology
Measure& Counterfactualsection) to develop unit energy measure database. After applying the unit
energy consumptions with the stock turnover projections, Cadmus incorporated technical competition
between fulluse aml part-use applications for the same segmentation applicatidhe resulting
calculation, provided the total technical installations over the time horizon.

Next, Cadmus screened the technical installations by data from cost effectiveness analysigofin sec
CostEffectivenes#\nalysi} to determine the total economic installations. Lastly, Cadmus applied the
adoption modeling for each configuration to estimate the paigd achievable installations over the 5
year period.

7 U.S. EIAnnualElectricPowerindustryReport,FormEIA861 detaileddatafiles (20102018). Online access of
oNumberof Customersy Stateby Sectog Mips://www.eia.gov/electricity/sales_revenue price/

8  For modeling proposes, Cadmus assumed an even split betwearséutind paruse applicationsWith one
exception, for mglefamily full-use existing building and single fanplgrt-use building additiofCadmus
assumed 95% and 5%, respeciyve
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Figure24. ProjectionModel - Residential Sector Example
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Resultdrom the projectionmodelingfor eachof the different willingnessto-payscenariosare found in Appendix JPotentialinstallations
between2020and2024rangefrom alow of 2,943 under the baseline scenario to 4,992 in the-tmst, highincentive scenarioNotably, under
current price trends, offering incentives equal to those provided by Mass Save results in an additional 1,553 heat pliatipnsstetween
2020 and 2024or total of 4,497 installationsSinglefamily buildings with electric baseboard anéhdow air conditioning represented the
highestnumber achievable installations for partial and full load equipment replacements. Applications with zero or low installat®eiher
not cost effective (generally where heat pumgn® repladng gasheat)or new construction applications with low market shagzeTable36 for
details.

Of the incentivized scenariogwer incentivescenariosare shown to reduceoverallelectricity consumptionthe mostbecausehey incentivize

the highestconversiornof electricbasédoardheatingto heat pumpsrelative to fossil fuel conversions. In doing so, these lower incentives capture
a higher pesinstallation erergy reduction than higher incentives which induce additional-fwatching installations. Theaseline scenario ($0
incentive scenario) is shown to result in theeatestreduction innet electricityconsumption. This is largely due to a lacknegntivized fuel
switching while some electric heatingpntinues to baeplacedby heat pumps evewithout incentives Higherincentivescenarioson the other

hand, result ina greaterreductionin overallenergy consumption (in terms MMBTU combinirg both fossilfuelsand electricity. This is due to
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incentivesdriving an increase in the total number of heating systems converted to heat pumps
Appendix Jdetailed results of the increased electric energy,-M&IBTU, and netarbon reduction are
shown across each scenario gmefrmutation

Overall, the adoption of Mass Salevel incentives significantly increases heat pump adoption above
baseline projectiondNotably, while the higfincentive scenarios (LoWigh and Higldigh) include
incentives 40% higher than Mass Save levels, they do not result in a 40% increase in heat pump
adoption. Rather, there is an 9¢910.2% increase for the high and l@est scenaags respectively.
Additionally, typology prevalence in the marketplace plays a significant role in predicting heat pump
adoption, with scenarios representing less common or |letMenover typologies demonstrating
significantly lower adoption over the periad the analysisDetails orthe results of the annual stock
turnover model can be found iAppendix J

In Appendix Jthe impact of heat pump adoption on total annual kWh consumption is highlighted. Due

to the high costeffectiveness of replacing electric heating with heat pumps and the relative prevalence
of electric heating in the Rhode Island market, the adoption of heat pumps contributes to a net decrease
in annual electricity consumption across all five scenaBgsieducing electric heating load, even when
adding cooling to the home, the net reductioimskWh consumption over the-ylear period range from

14.1 tog 15.7 GWh. Under the baseline scenario, the market is expected to install just over 1,900 heat
pumps in place of electric heaters, compared to around 1,040 in place of oil, gas and propams, heate
resulting in a significant drop in total electricity consumption of around 15.7 GWh. When Mass Save
level incentives are introduced, the number of baseboard heaters displaced by heat pumps increases to
2,251 (an 18.3% increase) while the numbehedting oil, propane and natural gas displacements
increases to 2,246 (a 116% increase). As a result, thechigill lowincentive scenario has the lowest

drop in electricity consumption of around 14.1 G\Wirer four years.

Inversely, the greatest carbon sagfare achieved under the legost / high incentive scenario, around
20,870 tons Cf®, as detailed imrAppendix JAs may be expected, this scenario encourages homewmv

and businesses to adopt heat pumps in far higher quantities, offsetting substantially mordueksil

heating and inefficient electricity than under other scenarios. Predictably, the Baseline scenario sees the
lowest carbon savings, with around 1340®ns of C@ saved.

Also, as demonstrated ifiable36, the impact of modeled price trends is minimal. The dosice

scenarios are illustrative of heat pump pricedifig 5% relative to current trendsetween2020and

2024 However, this drop in pricas highly improbable as it goes against both redestds and
predications offered by heat pump installers and distributors. Additionally, these lower modeled prices
are only associated with 3%9 additional installations over 4 years: a 0¢7B.00% increase in
installations(for low and high incentivecenarios respectivelyglative to a 5% drop in price.

Notably, the SCurve analysis using willingness to pay and-etisttiveness as parameters leaves out
customer behavior that is not purely driven by economizstomersmaynot be exclusively driven by
economicsFor example, roughly 30% of the instidtias completedhrough the MassCEC ccASHP
Rebate Program weriastalled in gas homes. Matmgat pump installations provide supplemental,
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shoulderseason heating or are used exclusively for cooling. This highlights the fact that, in additierfituresnoted below, some gas
customers may also install heat pumps, motivated by the desire to add cooling capacity or other factors beyond energy savings

Table36. AchievablePotential Installationsof HeatPumpsfor 2020-2024

Installations(Count)- CumulativeAchievable2020-2024

Technolog BaseEquipment Baseline:No HighLow:High | High-High:High | LowLow:Low | LowHigh:Low

Changen cost/ Cost/ Low cost/ High cost/ Low cost/ High
No Incentives Incentives Incentives Incentives Incentives

Singlefamily Existing BuildingCC DMSHP = Gas Boiler with Window

1
Partial Replacement 2.5 Ted0 HSPF AC 0 0 0 0 0

2 Singlefamily New Construction Central CC | Gas Furnace with 0 0 0 0 0
ASHP Full Replacement 3 F&nHSPF Central AC
Singlefamily Existing BuildingCC DMSHP | Qil Boiler with Window

14 4 714 72

3 Partial Replacement 2.5 Ted0 HSPF AC 3 65 659 0
Singlefamily Existing BuildingCC DMSHP | Qil Boiler with Window

4 Full Replacement 4 Terl0 HSPF AC 407 689 780 696 790
Singlefamily Existing BuildingCC DMSHP | Electric Baseboard with

5 1,158 1,378 1,466 1,385 1,476
Partial Replacement 2.5 Te0 HSPF Window AC ' ' ' ' ’

6 Singlefamily Building Addition CC DMSHP Elgctrlc Baseboard with 61 73 77 73 78
Full Replacement 1.5 Terl0 HSPF Window AC

7 Multifamily New ConstructionCentral CC | Gas Furnace with 0 0 0 0 0
ASHP Full Replacement 1 F&nHSPF Central AC
Singlefamily Existing BuildingCentral ASHF Oil Furnace with

8 . 32 211 275 216 282
Partial Replacement 2.5 Te® HSPF Central AC
Singlefamily Existing BuildingCC DMSHP = Oil Boiler with Central

9 . 109 241 268 244 271
Partial Replacement 2.5 Ted0 HSPF AC
Multifamily Existing BuildingCC DMSHP Electric Baseboard with

10 . ) 354 407 428 409 430
Partial Replacement 1.5 Ted0 HSPF Window AC
Singlefamily Existing BuildingCC DMSHP | Electric Baseboard with

11 269 320 341 322 343
Partial Replacement 2.5 Ted0 HSPF No AC
Multifamily Existing BuildingCC DMSHP Gas Boiler wittwindow

12 . 90 187 204 189 206
Partial Replacement 1.5 Ted0 HSPF AC

Singlefamily Existing BuildingCC DMSHP

13
Partial Replacement 2.5 Ted0 HSPF

Oil Boiler with No AC 70 145 159 146 160
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15

16

17

18

19

Technoloy

Singlefamily Existing BuildingCentral ASHF Propane Furnace with

Partial Replacement 2.5 Te® HSPF
Singlefamily New Construction Central CC
ASHP Full Replacement 3 F&nHSPF
Multifamily Existing BuildingCC DMSHP
Partial Replacement 1.5 Ted0 HSPF
CommerciaExistingBuilding- CCOMSHP
PartialReplacemenb.12Ton- 10 HSPF
CommerciaExistingBuilding- CCDMSHP
PartialReplacemenb.12Ton- 10 HSPF
CommerciaExistingBuilding- CentralASHP
PartialReplacemenb.12Ton- 9 HSPF
Total

Installations (Count)- CumulativeAchievable2020-2024

Baseline:No High-Low:High | High-High:High | Low-Low:Low | Low-High:Low
Changen cost/ Cost/ Low cost/ High cost/ Low cost/ High
No Incentives Incentives Incentives Incentives Incentives

BaseEquipment

Central AC 18 117 153 120 156
Propane Furnace with
Central AC 0 0 0 0 0
Electric Baseboard with
No AC 62 73 78 74 79
Oil Boilerwith Window
AC
ElectricBaseboardvith Dueto COVIBEL9 andthe resultinglow responserates,the teamwasunableto collect
WindowAC viableWTPdatafor commerciakcustomers.
OilFurnacewith
CentralAC

2,943 4,497 4,943 4,532 4,992

Note: Typology land2 werefoundto not be costeffectiveandare therefore assumedo not be viablefor widespreadadoption.However, customers in these typologies
may still install ASHPs for nesonomic reasons (e.g. adding cooling, reducing fossil fuel consumption and emissions).

Note: Typology b and7, while costeffective have verylow turnovers becausehey are new constructionbuildings.

Note: Typology 3 and Hoth represent the same market segme®H home with oil boiler and window AC
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Conclusios

This studycompleteda thoroughreviewof ccASHRse, potential, adoptionand costeffectivenessn the
Rhodelslandmarket. Thefindingsrevealopportunitiesfor further developmentof incentivesand
programmingto promote more widespreadcASHP adoption

Whilethe studywasunableto gathersufficientcommercialdatato draw condusiveinsightsfrom the
surveysthoseresponse<ollectedindicatethat commercialandresidentialcustomersapproach heat
pumps, their use, and their installation differently and nmmedto be targeteddifferently in outreach
andincentiveprograms While residentialcustomersare motivated by addingcooling,supplementing
their heatingandconsideringenvironmental impacts,businescustomersappearmotivated by
maintainingsystemwide heatingand cooling

Thestudyalsofound that word-of-mouth remainsone of the primarywaysthat peoplelearnaboutheat
pumps.Installerswere commonlycited asthe major sourceof information about ASHP®r customers
(while no customers reported learning about ASHPs from National Gridpestinghat broader
engagement withinstallers(including providing additional education and resourcgsyld facilitate
greater cusbmer awarenessThisalignswith manyA y & G Irefjuesisiidaddlitionalsupportand
resourcedo help promote heat pumpsandbecomebetter versedin the market. Alongsimilarlines,the
studyfound that manyinstallersare not engagedwvith NationalD NJ&hea®@pump program,citing high
barriersto entry and paperwork.Bystreamliningthe procesdor applyingfor incentivesand support,
NationalGridmay expandinstallerparticipation,incentiveimpact,and customerknowledgeand
awarenes®of heatpumps.

Ananalysiof ccASHPricesfound that installedcostsare expectedto continueincreasingn the near
term. Thiswascorroboratedby manyinstallersanddistributors attributable to the installationof higher
efficiencysystemsand more complexconfigurations Asinstallationcostscontinueto be a primary
motivator for heatpumpinstallation,incentivesare keyto drivingadoptionof the technology.

Underthe scenariosanalyzedjt wasfound that mostnon-gashomesand businessesvould realizenet
financialbenefitsfrom partially or fully displacingheir heatingwith a ccASHRystem .Most hotably,
buildingsthat rely on electricbaseboardcheatingsystemsstandto benefitthe mostfrom heatpump
instalations. Fromthe programperspective gil, propane,andelectricity-heatedbuildingsoffer cost
effectiveoptionsfor incentivizingheat pumps,while multifamily and gasheatedbuildingsoffer the least
costeffectiveoptions. Targetingexisting fossilfuel and electricheatedbuildingswill offer the greatest
opportunities forccASHP adoption through future National Grid programs

If incentivessimilarto those currently offered by MassSaveare adoptedin Rhodelsland, there maybe a
significantincreasein annualheat pumpadoption(up toa52.8% increase)Adoptingtheseincentives
offersthe opportunity to maximizeelectricity savingsaselectricheatingand coolingis replacedwith
more efficientheat pump systems Adopting theseincentiveswill also likelyenablehighercarbon
emissiongeductions with estimateal greenhouse gas savings of arout®/900tons over four years
(5,845 tons more than the baselingjncentives equal to those offered by Mass Save are adopted
Importantly, however,increasingncentivesby 40%aboveMassSavdevelsonlyincreaseseat pump
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adoptionby around10%marketwide, suggestinghat increasingncentivesabove a certain threshold
offersmarginalreturns and may not be optimal

Additional research into the nature of the heat pump market may yield interesting and informative

results.As highlighted throughout this analystije to Covidl9 insufficient informationwas able to be

collected in this analysts clearlyassessommerd | f YR AYRdzZAGNRALFf Odza 2 YSNAEC
market Further research could investigate the specific motivations for installing heat pumps, willingness

to pay for the technology, ahuse of the technologyAdditional investigation into the kinds of

businesses, spaces, and structures in which heat pumps are being installed within the commercial and
industrial sector may also help inforfurther targeted incentives and a clearer understanding of the use

case for heat pumps among commercial customBesearch into the drivers and barriers for

participation in commercial incentive programs may distp inform further changes to more

effectively target incentives to commercial participants.

As highlighted in the willingness to pay study, a relativelygortion of the variability in rated WTP
appears to be predicted by rebate levels. Additional research and studies into willingness to pay,
accounting for other variables beyond rebate levels, may shed light on the key factors driving willingness
to pay br heat pumps. Additionallyufther studies into the nature and drivers of heat pump prices in
the region may also yield valuable insights. While this study found that installed costs are rising,
research into thevariables involved in heat pump price clggs may help identifgverall trends as well

as areas of focus for program incentiviksvas also noted in this study that numerous customers with
gas heating have installed heat pumps, presumably as a means for adding deaithgr research

could beconducted into the motivators for installing heat pumps among gas customers as well as the
customer and program economics for incentivizing such installatfinally,additional research into

the optimal incentives for heat pumps may highlight the indemt/alues best situated to maximize
carbon reductions, energy demand reductions or other specified gatifm the limitations of program
budgets
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TableA-1. Inputs for Multifamily New ConstructionBuiIding EnergyModeling

Size Squarefeet RAS$®nedianper unit

Units 8 Unitsper building RAS®nedianper building
Air Leakage 7  ACH50 MassachusettIRM
Window Ratio 25% | Percentcoverage Updatedassumption
WallInsulation 13 ' Rwvalue RIICCcode(fiberglassatt)
Wall Sheathing 10 = Rwvalue RIICCcode(OSB)
ExteriorFinish 0.7 | Rvalue RIICCcode(mediumbrick)
Finishedroof 30 Rvalue RIICCcode(fiberglassatt)
Slab 10 = Rwvalue RIICCcode (4ft perimeter)
Carpet 80% | Percentcoverage BEopthaselineassumption
DuctLeakagéwhereapplicable) 8 CFM25 RIICCcode(ductleakage)
DuctInsulation(whereapplicable) 4 | Rvalue RIICCcode(ductinsulation)
CoolingSetpoint 73 | Degreed- BEoptbaselineassumption
HeatingSetpoint 68 | Degreed BEoptbaselineassumption

TableA-2. Inputs for Multifamily ExistingBuiIding EnergyModeling

Size Squarefeet RAS$nedianper unit

Units 8 Unitsper building RAS®nedianper building

Air Leakage 15 | ACH50 Updatedassumption

Window Ratio 15% Percentcoverage Updatedassumption
WallInsulation 4 Rvalue Updatedassumption

Wall Sheathing 0 Rwvalue Updatedassumption(OSB)
ExteriorFinish 0.6 | Rwvalue Updatedassumption(vinyl)
FinishedRoof 19 | Rwvalue Updatedassumption(fiberglassatt)
Unfinishedbasement .7 | Rvalue Updatedassumption(uninsulated)
Carpet 80% | Percentcoverage BEopthaselineassumption
DuctLeakagéwhereapplicable) 20% | Percentagdoss Updatedassumption(ductleakage)
DuctInsulation(whereapplicable) 4 | Rvalue Updatedassumption(ductinsulation)
CoolingSetpoint 76 | Degreed- BEoptbaselineassumption
HeatingSetpoint 71  Degreesd BEopthaselineassumption

TableA-3. Inputs for an Addition to an ExistingSingleFamilyBuilding EnergyModeling

Size 169 | Squarefeet RAS$nedianper unit
Air Leakage 7  ACH50 MassachusettIRM
Window Ratio 25% | Percentcoverage Updatedassumption
WallInsulation 13  Rvalue RIICCcode(fiberglasdatt)
Wall Sheathing 5  Rvalue RIICCcode(OSB)
ExteriorFinish 0.3  Rwvalue RIICCcode(vinyl)
Unfinishedattic 38 | Rvalue RIICCcode(cellulose)
Unfinishedbasement 10 Rwvalue RIICCcode(wholewall)
Carpet 80% Percentcoverage BEoptbaselineassumption
DuctLeakagdwhereapplicable) 4 | CFM25 RIICCcode(ductleakage)
DuctInsulation(whereapplicable) 8 Rwvalue RIICCcode(ductinsulation)
CoolingSetpoint 73 | Degrees- BEoptbaselineassumption
HeatingSetpoint 68 | Degreed- BEoptbaselineassumption
0.

BEoptModelingInputs
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Appendix BEquipmentEfficiency

TableB-1. EquipmentComponents

EquipmentType Appliance Appliancein questionincludingage(new/ existing)fuel and mechanism

RemainindJsefulLife(RUL) | Years Numberof yearsuntil appliancerequiresreplacement

HeatingEfficiency AFUE Heatingefficiencyof fossilfuel heatingequipment(BTUout / BTUin)

HeatingPerformance i%as onal Heatingefficiencyof electricalheatingequipment(BTUout / BTUin)

HeatingPerformance HSPF HeatingSeasorPerformance-actorfor heatpumps(BTUout / Whin)

CoolingPerformance EER CooImgenergyeﬁlmencyratlo for all coolingequipment(BTUout / Whin)
for peakheating(95degreesF)

CoolingPerformance SEER Seasonatqergyefﬂuencyratm for all coolingequipment(BTUout / Whin)
acroscoolingseasonsummeraverages)

SwitchingTemp Degreed~ Temperatureat which heat pumpsin partial displacemenscenarios

TableB-2. EquipmentDetails

. Remaining Heating . Cooling Switching
EquipmentType R HeatingPerformance e

Appliance AFUE | SeasonaCOP| HSPF SEER

ExistingEquipment

ExistingGasBoiler 10 0.80 50
ExistingGasFurnace 6 0.80 50
ExistingOil Boiler 10 0.75 30
ExistingOil Furnace 6 0.78 30
Existing?ropaneFurnace 6 0.75 15
ExistingelectricBaseboard 5 1.00 15
ExistingWindow AC 3 8.00 8.40 -
ExistingCentralAC 5 8.50 10.00 -
New Equipment

New GasBoiler 20 0.82 50
NewGasFurnace 17 0.85 50
New QOil Boiler 20 0.84 30
New Oil Furnace 18 0.83 30
New PropaneFurnace 18 0.85 15
New ElectricBaseboard 15 1.00 15
NewWindowAC 9 10.00 11.15 -
NewCentralAC 16 11.00 13.00 -
HeatPumps

CCDMSHP 18 2.89 10.00 12.50 18.00 -
Central CCASHP 17 2.72 9.00 | 12.50 18.50 -
CentralASHP 17 2.72 9.00 | 12.50 18.50 -

TableB-3. EquipmentDetail Sources

Appliance
ExistingEquipment
ERR017ApplianceEstimatesX Projections2009InstalledBaseAFUHor Residentia(North).

ExistingzasBoiler Pumpdemandassumedo be the sameaspropaneboilerin RESQ1

ExistingGasFurnace RER1Value
ExistingOil Boiler RES1 Value.Switchoveitemp from updatedEnergyOptimizationSheets
ExistingOil Furnace RE21 Value.Switchoveitemp from updatedEnergyOptimizationSheets

Error! Reference source not founderror! Reference source not found. B-1



CADMUS

Appliance

ExistingPropaneFurnace

ExistingelectricBaseboard

ExistingVindowAC
ExistingCentralAC
New Equipment

New GasBoiler
NewGasFurnace

New Oil Boiler

New Oil Furnace

New PropaneFurnace
NewElectricBaseboard
NewWindowAC
NewCentralAC
HeatPumps

CCDMSHP
CentralCCASHP

CentralASHP

RES1 Value
RES1 Value
RES1 ACvalues(only EERbrovided- assumedEER=¢0.02x SEER"2 1.12x SEER)
RE21 Value

RE21 ValuesFan/ PumpDemandvalueassumedo be the sameaspropaneboilerin RE1.
RE21 Value

RE21 Value.Switchoveitemp from updatedEnergyOptimizationSheets

RE21 Value.Switchoveitemp from updatedEnergyOptimizationSheets

RE21 Value

RE21 Value

RE21 ACvalues(only EERprovided- assumecEER=¢0.02x SEER”"2 1.12x SEER)

RES1 Value

1stdecileof NEERoId climatemultizoneductlessheat pumps> 1 Toncapacitywith <5F
temperaturedata

1stquartile of NEERold climatesinglezoneductlessheat pumps> 1 Toncapacitywith <5F
temperaturedata

EnergyStar/ rebate EERninimum.Performanceas sameasccASHFor valuesaboveswitching
temp (asstandardASHPonly usedin partial replacement)

Error! Reference source not founderror! Reference source not found. B-2
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Appendix CMethodology

DegreeHourCalculation
Heatingandcoolingloads are calculatedon an hourly basisbasedon the outdoor temperature.

1. SetTemperature
Asettemperatureis selectedto identify the heatingor coolingtemperatureto whichad dzA f RA Yy 3 Q&
thermostatis set.

TableG1. SetTemperatures

Set

Heating 65°F | REQ1settemp
Cooling 72°F | BEoptstandardinput

2.DegreeHours
Usinghourly temperaturedatafrom the PawtucketTMY 3dataset,heating(HDH)and coolingdegree
hours(CDHM)re calculatedfor eachhour of the year.

TableG2. DegreeHour CalculationSample

May 12 6:00 57.20 7.80 0.00
May 12 7:00 62.60 2.40 0.00
May 12 8:00 68.00 0.00 0.00
May 12 9:00 71.24 0.00 0.00
May 12 10:00 75.38 0.00 3.38
May 12 11:00 78.26 0.00 6.26

HDH=[HeatingSetTemp]¢ [outdoor Temp(F)]

CDH= [outdoor Temp(F)]¢ [CoolingSetTemp]

3. Heating/Coolingb
Thepercentageof total heating(%H)or cooling(%CYegreehourseachhour representss calculatedfor
eachof the 8760hours.

TableG3. PercentHeatingLoadCalculationSample

May 12 6:00 7.80 0.00 | 0.0049% 0%
May 12 7:00 2.40 0.00 | 0.0015% 0%
May 12 8:00 0.00 0.00 0% 0%
May 12 9:00 0.00 0.00 0% 0%
May 12 10:00 0.00 3.38 0%  0.0588%
May 12 11:00 0.00 6.26 0% 0.1088%

Fuelconsumptionis calculatedon an hourly basiscalculatedasthe %of total heatingor coolingload
overtime dividedby equipmentefficiency
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4. BuildingLoad
Thepercentageof heatingand coolingdegreehoursis multiplied by the 6 dzA f Reatifgafd&ooling
loadto identify the loadfor eachhour.

TableG4. HeatingLoadDistribution Example

0.0049% 0% 3758.3 0
0.0015% 0% 1150.5 0
0% 0% 0 0
0% 0% 0 0
0% 0.0588% 0 7702.8
0% 0.1088% 0 14252.8
TableGh5. HeatingLoadExample(Typology 1
HeatingLoad CoolingLoad
MMBTU/ yr. MMBTU/ yr.

76.70 13.07

5. SetPointSums

Inthe counterfactualandfull displacemenmeasurepathways,100%of heatinggoesis coveredby the
primary heatingequipment(samefor cooling).In partial displacemenmeasurepathwaysall heating
abovethe switchingtemperaturebut belowthe setpoint is coveredby the heat pump, while all heating
belowthe switchingtemperatureis coveredby the backupheatingequipment.Theloadfor each
equipmentis sumof all heatingor coolingloadsin the respectivetemperaturebrackets.

TableG6. Switching TemperatureExample

Natural Gas 50F
Heating Oil 30F
Propane 15F
Electric Baseboard Heat 15F

TableG7. Divisionof HeatingLoadExample

Heat<50°F Heat>50<65

69.104MMBTU 7.5952MMBTU
Coveredby boiler Coveredby heatpump

6. EquipmentEfficiency
Theload of eachnon-heatpump equipmentis dividedby the efficiencyof that equipmentto identify the
fuel consumptionby fuel.

Appendix CMethodology G2



CADMUS

TableG8. FinalHeatingLoadCoverage

ExistingGasBoiler 0.80 69.104 86.38

However heat pump performanceis assumedo varysignificantlywith outdoor temperatureandis
therefore calculatedon a per-hour basiswith variableefficiencies.

HeatPumpEfficiencyCalculation

Heatpump performancedependson outdoor temperature.Aformulais usedto calculateefficiencyfor
eachhourin the TMY3.

AheatLJdzY lOQRyarieswith temperature.Usingthe medianCOPRvaluesfrom the NEERatabasea
piecewisefunction wasdevelopedto capturedifferentiatedlinear curvesbetween-13,5,17,and47
degreesk

TableG9. Coefficientof Performance

COPat temp:

CCDMSHP 1.75 2.03 2.19 4.00
CentralCCASHP 1.38 2.04 2.32 3.70
CentralASHP 1.38 2.04 2.32 3.70

Thepercentageof its maximumoutput a heat pump cancovervarieswith temperature.Whenit is
below 100% the remainingoutput capacityis coveredby built-in electricresistanceheatingwith a COP
of 1. Thesamepiecewiseformat wasused.

TableG10. HeatingOutput Percentage

CCDMSHP 0.75 1.00 1.00 1.00
CentralCCASHP 0.71 0.77 0.92 1.00
CentralASHP 0.71 0.77 0.92 1.00

In-situ performancehasbeenshownto be ~10%ower than factory rated performanceamongcold
climate heat pumps(Cadmus2016).Additionally,the interactionductlessmini-split heat pumpsand
backupheatingsystemsds not perfect,and someinefficienciesoccur. Toaccountfor these,hourly heat
pump efficienciesare multiplied by the following basedon their installationconditions.

TableG11 PerformanceModifiers

Appliedto all heatpumpsregardlesf installationto accountfor 10%performance
reduction

Interactionfactor 0.98 ' Appliedonly to DMSHP#stalledin partial displacemenmeasurescenarios.

In-situ factor

Calculatindheat pump consumptionrequiresthat consumptionbe calculatedon an hourly basisand
summedto the annuallevel.
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Thesamestepsasfor other equipmentis followed, conductedon a per-hour basis.
1. Usingthe Heating%the annualheatingloadis distributedacrosshe 8760hoursof the year

2. Foreachhour,the loadis dividedby the CORcalculatedfor that hour for the electricityinput (in
BTU)

3. Thehourly electricityinput is convertedto kWhand summedoverthe yearfor annualelectricity
consumption

Thebelowillustratesthe calculationdor a CCOMSHRoveringthe full heatingload of a homewith a
76.7MMBTU/ yearheatingload.

TableG12. Hourly HeatingLoadExample

Month Hour D)% Heating Heating Heating CCDMSHP| Electricity Electricity
bulb (F) | degreehours % Load(BTU) COP input (BTU) Input (kWh)

Janl 1:00 21.20 43.80 0.03% 21,276.7 2.20 9671.227 2.8344
Janl 2:00 23.00 42.00 0.03% 20,402.3 2.30 8870.565 2.5997
Janl 3:00 24.80 40.20 0.03% 19,527.9 2.40 8136.625 2.3846
Janl 4:00 24.80 40.20 0.03% 19,527.9 2.40 8136.625 2.3846
Janl 5:00 24.80 40.20 0.03% 19,527.9 2.40 8136.625 2.3846
Janl 6:00 24.80 40.20 0.03% 19,527.9 2.40 8136.625 2.3846
Janl 7:00 26.60 38.40 0.02% 18,653.5 2.49 7491.365 2.1955
Janl 8:00 26.60 38.40 0.02% 18,653.5 2.49 7491.365 2.1955

YearoverYearSavingdMethods

Energyandfuel savinggdependon the equipmentin placeeachyear,whichis dependenton the
remainingusefullife of the equipment

Overa5-yearperiod, someexistingequipmentis expectedto requirereplacementNewequipmenthas
higherefficiencythan old equipmentandtherefore changeghe consumptionlevelafter installation.

TableG13. Scenariol EnergySavingsEExample

Consumption Savinggpositive valuesindicate the measure
Measure Counterfactual
consumedessthan counterfactual)

Heat secondary Heatin coolin Gas 0] Propane Electricity
Pump heating 9 9 (MMBTU) | (MMBTU) | (MMBTU) (KWh

ExistingGas ExistingGas | Existing

DMSHP Boiler Boiler WindowAC 10.42 0.00 0.00 252.97
S S B o om e
DMSHP | Boller | Baller | Windowhc 1042 0.00 000 25007
DwsHp | Boter | Boer | ae 10.42 0.00 000 -12087
ostp | soier | oter - LA 10.42 0.00 000 12087
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Theequipmentthat changessthe coolingsystem.Therefore,it hasno effectonthe levelof gas
consumedasthe existingand new systemsare both electricand naturalgasis only consumedor
heating.

CostEffectivenes€alculations

Theyearsof analysianaybe fewer than the remainingusefullife of a pieceof equipment.Theanalysis
usesa percentagdifetime costdiscountingformulato ensurebenefitsand costsmatchthe same
timeline.

TableG14. Partial Lifetime installed costdiscounting

Installed Cost Yearinstalled Endof analysis | RULpostanalysis

NewWindowAC $288.07 2023 9years 2024 7years

TableCG15. Installed CostApplyingRealValue Discounting
2023 2024 2025 2026 2027 2028 2029 2030 2031

$288.07 $284.20 $280.39 $276.62| $272.91 $269.24| $265.62| $262.06 $258.54
Valueduringanalysis Valueafter analysis*
23.29% 76.71%

Note: the useof the annualrealinstalledvalueby yearis designedo capturethe %of lifetime installedvalueapplicableto
the analysigperiodanddoesnot assumea continuallyrepeatedinstallationcost.

TableG16. Equipment Lifetime Example
Installed Cost

$288.07 23.29% $67.08

Becausenly 2/9 of the S Ij dzA LJYifStiyhé eRergysavingsare beingappliedin the analysisa similar
discountingmustoccurfor installedcostto not overstatethe costof the energysavingsBecause
equipmentlosesvalueovertime, usinga percentageof discountedvaluesenablesthe analysigo
accountfor mostof the R S @ Avalde@pdront, better reflectingO dza (i 2 exeMehce.
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Appendix DModeledEnergySaving®y Typology

TableD-1. 15 Yearover-YearSavngsfor Natural GasConsumpion of All 19 Scenarios

CADMUS

A ——
YU T 5 15 [ 2 15 [ 6 [ 7 [ 8 ] 9 ] 10 ] 11 ] 1 | i3] 14 15 | 16 | 17 | 18 | 19 |
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15

9.49
9.49
9.49
9.49
9.49
9.49
9.49
9.49
9.49
9.49
9.26
9.26
9.26
9.26
9.26

41.76
41.76
41.76
41.76
41.76
41.76
41.76
41.76
41.76
41.76
41.76
41.76
41.76
41.76
41.76

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

13.33
13.33
13.33
13.33
13.33
13.33
13.33
13.33
13.33
13.33
13.33
13.33
13.33
13.33
13.33

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Scenario
0.00 | 0.00
0.00 | 0.00
0.00 | 0.00
0.00 | 0.00
0.00 | 0.00
0.00 | 0.00
0.00 | 0.00
0.00 | 0.00
0.00 | 0.00
0.00 | 0.00
0.00 | 0.00
0.00 | 0.00
0.00 | 0.00
0.00 | 0.00
0.00 | 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.90
1.90
1.90
1.90
1.90

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Note: the existinggasfurnace(scenariol2) and existinggasboiler (scenariol) were assumedo both havea 10-yearRULat the start of the analysisthereforethere isa drop
in gasusein year11lwhenthe old systemis replacedwith a new one. Meanwhilethe new gasfurnace(scenario7) and new gasboiler (scenaria?) havea RULof 17 and 20
each,sothere isno changeto equipmentin the first 15 years.
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TableD-2. 15 Yearover-YearSavinggor Oil Consumptionof All 19 Scenarios

CADMUS

. Scemato 0000000000000 |
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15

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

64.17
64.17
64.17
64.17
64.17
64.17
64.17
64.17
64.17
64.17
57.30
57.30
57.30
57.30
57.30

91.31
91.31
91.31
91.31
91.31
91.31
91.31
91.31
91.31
91.31
91.31
91.31
91.31
91.31
91.31

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

55.03
55.03
55.03
55.03
55.03
55.03
51.71
51.71
51.71
51.71
51.71
51.71
51.71
51.71
51.71

Scenario
64.17 0.00
64.17 0.00
64.17 0.00
64.17 0.00
64.17 0.00
64.17 0.00
64.17 0.00
64.17 0.00
64.17 0.00
64.17 0.00
57.30 0.00
57.30 0.00
57.30 0.00
57.30 0.00
57.30 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

64.17
64.17
64.17
64.17
64.17
64.17
64.17
64.17
64.17
64.17
57.30
57.30
57.30
57.30
57.30

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

23.99
23.99
23.99
23.99
23.99
23.99
23.99
23.99
23.99
23.99
21.42
21.42
21.42
21.42
21.42

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

23.07
23.07
23.07
23.07
23.07
23.07
21.68
21.68
21.68
21.68
21.68
21.68
21.68
21.68
21.68

Note: the existingoil boiler (scenarios3, 4,9 13 & 17)andexistingoil furnace(scenario8 & 19) are assumedo havea 10-yearRULand 6-yearRULrespectivelyat the start

of the analysisthereforethereisadropin oil usein year7 and 11 whenthe old equipmentis replaced.
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